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Chapter  I 


GENERAL  CONSIDERATIONS 

As  a general  scientific  method,  factor  analysis  has  come  a long 
way  from  the  groping  concepts  of  Galton  and  Spearman  to  the  broad  scope 
theory  construction  of  Cattell . Through  the  methodological  contribu- 
tions of  men  like  Thurstone  and  Kol zinger,  factor  analysis  has  reached 
a degree  of  acceptance  among  both  mathematical  statisticians  and 
theoreticians  in  psychology.  In  recent  years  high  speed  computer's  have 
permitted  and  encouraged  more  use  of  its  powerful  techniques.  However, 
it  can  be  argued  that  the  idiosyncrasies  of  the  method  are  not 
sufficiently  well  known  and  understood  to  justify  such  wide  and  in- 
discriminant use  as  has  been  made  of  factor  analysis.  For  example, 
until  recently  little  was  known  about  the  sampling  distribution  of  a 
rotated  factor  loading  (Cliff  and  Pennell,  1967). 

One  specific  aspect  of  this  which  has  net  been  explored  is  the 
test  item  dependence  of  the  automatic  oblique  machine  solutions. 

Kaiser  (1958)  published  the  first  widely  used  machine  rotation  solution, 
and  he  demonstrated  that  his  varimax  solution  provides  relatively 
constant  loadings  for  a group  of  tests  no  matter  what  battery  those 
tests  are  imbedded  in.  The  varimax  solution,  however,  produces 
factors  which  correlate  .00  with  one  another--they  are  independent. 

Since  about  1960,  numerous  machine  rotation  routines  have  been  produced 
which  seek  to  solve  the  I'otation  problem  by  permitting  the  angles 
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between  the  factors  to  be  oblique.  The  test  item  dependence  of  these 
solutions  has  net  been  determined. 

This  dissertation  will  deal  with  this  very  important  and  basic 
methodological  determination  of  test  item  dependence  over  six 
different  analytic  and  semi-analytic  machine  rotation  methods,  five  of 
which  permit  oblique  solutions.  It  should  provide  an  important 
contribution  to  the  knowledge  about  these  methods  which  are  exerting 
such  a strong  force  in  modem  factor  analysis. 

Background 

"A  factor  problem  starts  with  the  hope  or  conviction  that  a certain 
domain  is  not  so  chaotic  as  it  looks"  (Thurstone,  1947,  p.  55).  Factor- 
analysis  seeks,  as  a general  scientific  method,  to  determine  the  under- 
lying order  of  the  domain,  as  represented  by  the  specific  variables 
under  consideration,  to  assist  in  the  formulation  of  general  scientific 
concepts  about  the  domain.  Factor  analysis  does  not  require  a formal 
hypothesis  as  to  the  nature  of  this  underlying  order;  this  order  is  dis- 
closed without  first  being  postulated.  The  necessary  and  sufficient 
assumption  to  factor  analytic  methodology  is  simply  that  the  underlying 
principles  are  fewer  than  the  number  of  data  variables  involved  in  the 
study.  Factor  analysis  is  a method  designed  to  reveal  these  principles. 

Factor  analysis  is  exploratory  in  character  and,  as  most  writers 
make  clear,  its  most  useful  function  is  on  the  frontier  or  leading  edge 
of  a science.  Its  particularly  useful  role  is  to  provide  a map  of  the 
domain  in  question  so  that  the  more  exact  methods  of  experimentation 
and  statistical  analysis  may  work  with  more  appropriate  and  generally 
xiseful  data  and  criteria.  Thus,  factors  are  many  things  to  many  people 
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depending  on  context:  functional  unities,  parameters,  intervening 

constructs,  abilities,  and  even  causes.  They  will  be  referred  to  here 
solely  by  the  reasonably  context-free  word  "factors." 

Factor  analysis  may  be  considered  a system  of  sequential 
statistical  analyses,  a system  which  consists  of  three  distinct  steps. 
Typically,  first  a correlation  matrix  is  formed  of  inter-relationships 
among  variables  over  a sample  or  group  of  subjects.  This  is  then 
operated  on  by  one  of  a variety  of  methods  (Harman,  1967,  mentions  more 
than  ten  distinct  types)  to  produce  a multiple-factor  matrix  which  is 
considered  only  an  initial  arbitrary  factor  solution.  A final  matrix 
is  achieved  by  transforming  this  initial  solution  into  another  form 
which,  it  is  hoped,  permits  a more  useful  interpretation  of  the 
factorization.  This  transformation  process  is  most  often  referred  to 
as  "rotation."  Among  the  various  rotation  procedures  there  is  first 
the  basic  choice  between  orthogonal  and  oblique  factors,  and  then  the 
choice  between  several  alternative  transformation  methods.  The  form 
of  the  final  solution  is  typically  a matrix  in  which  the  rows  represent 
variables,  the  columns  relate  to  factors,  and  the  matrix  elements,  which 
are  usually  called  loadings,  represent  correlations  between  variables 
and  factors  in  the  sense  of  being  orthogonal  projections  on  axes.  While 
the  relationship  expressed  by  these  matrix  elements  may  be  more  complex 
when  the  factors  themselves  are  correlated,  the  general  term  factor 
loading  may  still  be  used. 

All  these  considerations  lie  in  the  realm  of  common- factor 
analysis,  i.e.,  f aetorization  of  a correlation  matrix  which  is  of  a rank 
less  than  the  number  of  variables.  This  means  that  the  diagonal 
elements  of  the  correlation  matrix  are  not  unities  (1.0)  but  rather 
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some  lesser  number  which  is  an  estimate  of  the  common  variance 
(communal it y)  of  each  variable.  Often  R is  used  as  an  estimate. 
Factorization  of  a matrix  with  unities  in  the  diagonal  is  properly 
referred  to  as  "principal  components  analysis"  and  should  not  be  sub- 
jected to  rotation.  Rotation  of  components  is  common  practice  (Glass 
and  Taylor,  1966);  but  in  the  search  for  common  dimensions  or 
constructs  to  aid  in  charting  a domain  it  does  not  seem  useful  to  cram 
unknown  amounts  of  unique  variance  into  the  structure.  Factor  analysis 
attempts  to  deal  only  with  common  variance,  excluding  the  error  variance 
and  specific  variance  of  the  general  linear  model. 

Simple  Structure  and  Positive  Manifold 

Except  for  simple  linear  prediction  from  components,  the  factor 
analysis  problem  demands  that  there  shall  be  a psychologically  meaning- 
ful interpretation  of  the  factors  derived  in  terms  of  which  the  set 
of  variables  can  be  understood.  The  initial  factor  matrix  is 
arbitrary,  i.e.,  it  is  a function  of  the  method  of  factoring.  There 
are  dozens  of  these  methods,  and  seldom  does  any  factoring  method 
immediately  result  in  a psychologically  meaningful  resolution.  A final 
factor  solution  becomes  more  successful  to  the  degree  that  it  is 
meaningful  and  plausible  as  an  interpretation  of  underlying  order.  The 
Simple  Structure  concept  is  one  (and  so  far  probably  the  best)  way  of 
achieving  meaningful  final  factor  solutions.  As  Thuxstone  (1947)  puts 
it,  "The  principles  of  simple  structure  are  fundamental  in  making  factor 
analysis  a scientific  method  rather  than  merely  a method  of  statistical 
condensation,  and  it  is  therefore  one  of  the  central  themes  in  factorial 
theory"  (p.319).  It  is  one  thing  to  condense,  but  quite  another  to 
achieve  meaningful  simplification. 
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Our  searc’n  for  underlying  order  can  also  be  expressed  as  the  search 
for  a set  of  descriptive  categories  (factors)  with  which  to  represent 
our  variables  in  the  simplest  possible  terms.  Simple  structure  as  a 
criterion  was  developed  through  this  basic  idea  of  finding  "the 
smallest  number  of  parameters  for  describing  each  test"  (Thurstone, 

1947,  p.  533).  This  implies  solving  for  a unique  solution,  which  is  a 
basic  aim  of  simple  structure.  Thurstone 's  five  criteria  (Thurstone, 

1947,  p.  335)  by  which  meaningful  and  unique  structure  can  be  achieved 
may  be  expressed  as  follows  (Horst,  1965,  p.  385): 

1.  For  each  factor,  only  a small  number  of  variables  will  have 
high  loadings,  and  the  remainder  will  have  low  loadings. 

2.  Each  variable  will  have  appreciable  loadings  on  only  a few 
factors . 

For  a given  pair  of  factors, 

3.  A number  of  variables  will  have  low  loadings  on  both  factors. 

4.  Others  will  have  high  loadings  on  one  of  the  factors  and  low 
loadings  on  the  other. 

5.  Still  other  variables  will  have  high  loadings  on  the  second 
factor  but  low  loadings  on  the  first. 

A factor  matrix  which  has  been  transformed  to  meet  these  criteria  may 
be  referred  to  as  a simple  structure  factor  loading  matrix. 

The  positive  manifold  criterion  is  yet  another  aspect  of  trans- 
formation to  simple  structure.  Simply  stated,  it  means  that  if  there 
were  no  negative  correlation  coefficients  in  the  correlation  matrix 
there  should  be  no  negative  loadings  in  the  final  factor  solution. 

This  principle  goes  hand  in  hand  with  the  simple  structure  criteria  in 
practice;  and  any  assessment  of  the  degree  that  simple  structure  is 
achieved  by  a transformed  solution  necessarily  includes  its  consideration. 
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Reference  and  Primary  Factors 

The  final  solution,  or  simple  structure  factor  loading  matrix,  may 
be  either  a V matrix  or  a F matrix.  Only  in  the  orthogonal  case  are 
they  identical.  The  V matrix  represents  orthogonal  projections  of 
variables  onto  axes  (factors)  which  are  normal  to  their  hyperplanes. 

The  effect  of  this  reference  factor  matrix  V is  to  show  the  composition 
(in  terms  of  variables)  of  the  factors.  This  could  mean  that  a primary 
aim  of  simple  structure  for  the  V matrix  would  be  the  first  criterion. 

On  the  other  hand,  the  P matrix,  or  primary  factor  matrix,  is 
different.  P axes  are  located  at  the  intersections  or  traces  of  hyper- 
planes, and  loadings  of  variables  on  these  axes  are  determined  by  oblique 
rather  than  orthogonal  projections  of  variables.  Geometrically,  the 
line  of  orthogonal  projection  of  a variable  onto  a reference  axis 
intersects  a corresponding  primary  axis  at  an  angle,  and  the  point  of 
intersection  of  the  P axis  is  the  variable's  P factor  loading.  It  may 
be  equal  to  or  larger  than  its  corresponding  V matrix  loading,  and  this 
difference  is  a function  of  the  angular  separations  of  reference  axes. 

P matrix  loadings  can  be  greater  than  1.0;  hence  another  reason  why 
they  should  not  be  thought  of  as  correlation  coefficients.  The  primary 
factor  matrix  P shows  the  composition  (in  terms  of  factors)  of  the 
variables.  This  could  mean  that  a primary  aim  of  simple  structure  for 
the  P matrix  would  be  the  second  criterion — factorial  simplicity  of 
items  (variables)  across  factors. 

There  is  a mathematical  relationship  between  the  V and  P matrices 
(Harman,  1967),  and  many  oblique  machine  rotation  procedures  give  both 
the  V and  P matrices  because  the  V matrix  is  often  a calculational 
step  or.  the  way  to  a P solution.  The  V matrix  is  said  to  be  particularly 


7 


useful  tor  understanding  the  nature  of  factors  in  exploratory  work, 
while  the  P matrix  helps  to  understand  the  nature  of  the  variables  or 
tests.  Both  can  be  used  to  assess  adequacy  of  simple  structure;  but 
because  the  P matrix  shows  both  rcw  and  column  simplicity,  it  would 
seem  the  better  for  establishing  factor  locations.  There  is  a con- 
tinuing problem  in  the  literature,  however,  as  to  which  matrix  is  being 
reported  because  of  inconsistent  terminology  and  general  unfamiliarity 
with  the  distinctions.  Harman  (1967)  tries  to  inject  clarity  into  the 
situation  by  suggesting  the  Reference  Structure  (V)  elements  be 
called  loadings,  and  that  Primary  Pattern  (P)  elements  be  called  co- 
efficients. The  literature  remains  confusing,  however,  when  Fruchter 
(1954)  calls  V factors  "simple  axes"  and  Jennrich  and  Sampson  (1966) 
call  P elements  "simple  loadings." 

The  present  study  deals  only  with  P matrices  because  they  seem 
more  useful.  However,  for  ease  of  communication,  all  these  P matrix 
elements  will  be  called  loadings. 

Rotation  to  Simple  Structure 

The  process  of  attaining  simple  structure  probably  is  most  easily 
understood  in  graphic  terms.  Variables  are  plotted  on  all  pairs  of 
factors  in  two-dimensional  graphs.  The  factors  are  treated  as  axes 
which  are  then  literally  rotated  (some  writers  prefer  to  think  of  the 
variables  being  rotated)  until  desired  simplicity  of  structure 
(projections  on  axes)  is  achieved,.  This  process  involves  extensive 
labor,  many  intuitive  and  subjective  decisions,  and  a great  deal  of 
algebraic  calculation.  The  whole  meaning  of  a solution  can  be  changed 
by  a comparatively  slight  modification  in  the  locations  of  several 
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factors.  It  can  immediately  be  seen  that  the  desired  scientific 
objectivity  of  a solution  across  data  analysts  cannot  be  met  because 
there  are  no  universally  accepted  ground  rules  for  graphic  rotation. 
Further,  there  is  no  assurance  that  a unique  final  solution  has  been 
reached.  This  is  not  to  say,  however,  that  plotting  and  rotation  in 
iterative  cycles  are  passe.  For  finer  looks  at  a domain  structure  by  a 
skilled  factor  analyst  there  are  as  yet  unsurpassed,  largely  because  the 
criteria  set  up  by  Thurstone  are  descriptive  rather  than  mathematical 
definitions  of  simple  structure.  Thurstone's  criteria  were  intuitive, 
and  an  intuitive  solution  seems  to  make  the  best  ultimate  use  of  them. 

Since  the  advent  of  computers,  the  search  has  been  on  for  an  auto- 
matic machine  rotation  procedure  which  would  attain  the  best  simple 
structure  possible  in  a factor  study.  Generally  speaking,  these 
analytic  methods  rotate  the  arbitrary  factor  matrix  factors  into  trial 
positions  until  a mathematical  function  of  all  the  test  item  loadings 
on  each  is  maximized  (or  minimized) . A mathematical  function  derived 
from  Thurstone's  five  criteria  is  established  and  this  function  is 
treated  as  if  it  were  the  definition  of  simple  structure.  Through 
extensive  computational  effort  (years  for  men  but  minutes  for  computers) 
the  arbitrary  matrix  is  transformed  into  a matrix  whose  function  values 
are  optimized  in  accordance  with  the  method.  If  the  function  will  not 
permit  the  attainment  of  simple  structure  in  the  problem,  subsequent 
graphical  analysis  might  if  such  a structure  is  possible  in  that 
situation.  Apparently,  at  this  time  in  the  development  of  machine 
rotation  procedures,  the  only  way  to  assess  the  degree  of  simple  structure 
attained  is  to  make  plots  and  subjectively  decide.  However,  Cattell 
(1966)  points  out. 
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The  objectivity  of  a resolution  resides  in  the  statis- 
tical significance  check  on  the  position  finally  reached, 
regardless  of  the  instrumentalities  which  led  to  the 
assumed  point  of  completion.  ...  A statistical  test 
of  simple  structure  . . . applied  just  as  with  any  other 
conclusion  is  appropriate  . . . but  any  estimate  of  prob- 
ability based  on  which  particular  variables  fall  in  the 
hyperplanes  proves  computationally  to  be  very  costly 
(p.  138). 

Neither  this  nor  plotting  is  often  done  because  the  modem  machine 
methods  seem  to  present  reasonably  good  solutions.  They  have  relieved 
the  experimenter  of  the  need  to  be  present  while  his  data  are  being 
analyzed,  and  they  permit  remarkably  good  and  useful  structures  and 
patterns  to  result.  These  results  are  objective  in  the  sense  that 
they  can  be  replicated  by  any  other  person  using  the  same  formulae. 


Automat i c Machine  Rotation  Method s 

Six  well-known  and  frequently  used  machine  methods  of  rotation  to 
simple  structure  will  be  compared  in  this  study.  Tire  selection  is 
arbitrary  on  the  part  of  the  author,  and  it  is  based  on  their  being 
representative  in  the  field  as  well  as  for  their  having  certain  unique 
characteristics.  The  following  explanations  of  the  procedures  are 
taken  from  Harman  (1967)  and  Eber  (1966) . 

Vax-i-max  (Kaiser,  1958)  places  emphasis  on  simplifying  the  columns 
of  the  factor  matrix  by  maximizing  the  variance  of  a factor's  squared 
loadings  over  all  tests.  This  results  in  greater  simplicity  of  a 
factor  because  its  loadings  are  forced  toward  unity  or  zero.  Related  to 
the  entire  factor  matrix,  the  varimax  criterion  requires  the  maximiza- 
tion of  the  sum  of  all  the  factors'  simplicities.  Successive  trial 
locations  of  all  possible  m(m-l)/2  pairs  of  factors  determine  where 
this  function  stabilizes  at  a maximum  value.  Kaiser  found  that  there 
was  systematic  bias  in  the  solution  due  to  the  implicit  weighting  of 
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tests  by  their  communal ities . This  bias  is  removed  by  equally  weighting 
the  tests  for  ation  through  the  procedure  of  dividing  each  row  by  the 
square  root  of  the  test's  communality . The  original  weighting  is  re- 
stored after  rotation.  This  normalization  process,  often  referred  to 
as  "Kaiser  normalization,"  is  seen  in  many  analytic  procedures  by  the 
"h"  elements  appearing  in  their  criterion  formulae.  Harman  expresses 
the  varimax  criterion  as: 
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The  varimax  method  is  restricted  to  an  orthogonal  solution,  and 
this  satisfies  the  simple  structure  criteria  rather  well  in  the  case  of 
orthogonal  or  nearly  orthogonal  structure.  The  remaining  five  proce- 
dures to  be  considered  remove  this  orthogonality  restriction  and  permit 
greater  flexibility  in  the  form  of  the  solution.  An  orthogonal 
solution  may  result  from  their  application  should  the  "best"  solution 
for  that  problem  tend  toward  orthogonality.  Correlations  among  the 
primary  factors  and  among  the  reference  axes  are  normally  a part  of  the 
output  from  computer  programs  of  these  oblique  procedures. 

Oblimctx  (Pinzka  and  Saunders,  1954)  is  one  of  several  .similar 
methods  devised  independently  at  about  the  same  time,  and  it  attempts 
to  arrive  at  an  analytic  determination  of  simple  structure  by  maximizing 
the  number  of  large  and  small  factor  loadings  at  the  expense  of  the 
medium-size  loadings.  The  criterion  to  be  maximized  is  expressed  as  the 
ratio  of  the  sum  of  the  fourth  powers  of  the  loadings  on  a factor,  to 
the  squared  sum  of  the  squared  loadings  on  that  factor.  Successive 
trial  locations  of  pairs  of  factors  lead  to  the  ultimate  maximization 
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of  the  criterion  for  this  method,  as  expressed  by  Harman: 
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Oblimin  is  a class  of  oblique  rotation  methods  which  use  a mini- 
mizing criterion.  Three  separately  recognizable  criteria  are  within 
this  class.  The  quartimin  criterion,  developed  by  Carroll  in  1953, 
involved  the  minimization  of  the  sum  of  cross  products  between  factor 
pairs  of  squared  factor  loadings.  The  covarirnin  criterion  came  about 
in  relaxing  Kaiser's  orthogonality  restriction  in  varimaoc,  and  it  in- 
volved the  minimization  of  the  covariance  of  the  squared  elements  of 
each  pair  of  factors.  Harman  reports  (p . 325)  that  almost  invariably 
the  covarirnin  is  biased  toward  orthogonality  while  the  quartimin  is 
biased  toward  too  highly  correlated  factors.  A biquartimin  criterion 
was  proposed  by  Carroll  (1957)  as  a compromise  between  these  two 
extremes,  and  this  was  achieved  by  generalizing  from  the  two  criteria 
to  a single  oblimin  criterion  with  a parameter  (y)  which  can  be  varied 
to  result  in  the  solution  desired.  Harman  expresses  the  oblimin 
criterion  as: 
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When  y = 1,  the  covarirnin  criterion  results;  when  y = 0,  the  quartimin 
criterion  results;  and  when  ■)  = .5,  the  biquartimin  criterion  results. 
Any  other  value  between  zero  and  unity  may  be  used,  but  there  will  be 
appropriate  variations  in  the  resulting  factor  structures.  The 
biquartimin  is  recommended  as  best  for  general  use. 
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In  an  attempt  to  avoid  the  undetermined  parameter  in  the  oblimin 
procedures,  which  must  be  decided  upon  by  the  experimenter,  the 
binormamin  procedure  was  developed  (Kaiser  and  Dickman,  1959)  . The 
criterion  to  minimize  in  this  procedure  is  expressed  by  Harman  as: 
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Harman  indicates  that  the  relative  superiority  of  either  the  oblimin 
(biquartimin)  or  the  binormamin  method  seems  to  lie  more  with  the  nature 
of  the  data  than  with  any  theoretical  difference.  Neither  seems  to  do 
sufficiently  well  in  all  cases  so  as  to  exclude  use  of  the  other.  Cf 
particular  interest  for  the  present  study  is  the  fact  that  the  best 
comparative  results  for  binormamin  have  been  with  Holzinger  and  Harman's 
Twenty-Four  Psychological  Tests  data  (Holzinger  and  Harman,  1941) , which 
will  be  used  in  the  present  study. 

All  of  the  previously  discussed  methods  deal  wTith  the  optimization 
of  some  function  of  the  elements  of  the  reference  structure  (V  matrix) 
loadings.  This  can  be  viewed  as  an  intermediate  step  in  the  attainment 
of  simple  structure  in  the  P matrix.  Transformation  from  V to  P is 
easily  accomplished  on  a computer,  but  this  involves  extra  computational 
steps.  Jennrich  and  Sampson  (1966)  developed  a procedure  called  simple 
loadings  which  is  analogous  to  the  oblimin  class,  in  that  it  produces 
a class  of  solutions  based  on  the  value  of  an  arbitrary  parameter  and 
uses  a minimizing  criterion.  However,  the  simple  loadings  procedure 
works  directly  on  P matrix  elements  rather  than  V.  Harman  refers  to  the 
method  as  "direct  oblimin,"  and  for  comparison  with  the  oblimin 
criterion  he  expresses  this  new  criterion  (b's  represent  P elements)  as: 
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Harman  reports  extensive  experimentation  with  various  values  for 
the  parameter  6,  but  he  concludes  that  there  is  no  simple  way  to  relate 
the  oblimin  parameter  values  and  the  simple  loadings  parameter  values. 

He  has  found  that  both  6 = -.5  and  6 = .0  give  results  quite  similar  to 
oblimin  (biquartimin)  for  the  Hoi zinger  and  Harman  data.  A "standard" 
value  of  zero  is  given  as  a recommended  value  in  the  UCLA  Biomedical 
Computer  Programs  version  of  this  procedure  (BMD  X72) , and  this  program 
also  permits  Kaiser  normalization  if  desired.  Harman  suggests  that  the 
simple  loadings  procedure  may  be  superior  to  the  oblimin  class  not  only 
because  it  works  directly  on  the  P matrix,  but  also  because  the 
parameter  may  take  on  values  considerably  beyond  zero  and  unity. 

Cattell  (1966)  expresses  criticism  of  the  analytic  solutions  because 
they  do  not  get  directly  at  the  heart  of  simple  structure,  which  he  feels 
is  the  maximization  of  the  number  of  tests  falling  in  hyperplanes  (p. 

188) . This  is  what  plotting  and  algebraic  rotation  do;  and  the  develop- 
ment first  by  Cattell  and  Muerle  (1960)  and  later  by  Eber  (1966)  of  the 
maxplane  procedure  produced  this  in  a semianalytic  fashion  on  a computer. 
Maxplane  starts  off  with  a normalization  procedure  and  then  makes  trial 
rotations  of  single  factors  of  factor  pairs.  Factor  position  is 
determined  by  the  location  at  which  the  number  of  tests  falling  in  the 
hyperplane  of  the  factor  being  rotated  is  maximized.  The  later  develop- 
ment by  Eber  weighted  this  hyperplane  count  largely  on  the  basis  of  the 
factor  loading  of  a test  on  the  irrelevant  factor  of  the  pair  to  prevent 
factor  collapse.  In  an  iterative  manner  the  maxplane  procedure  tries 
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locations  for  both  factors  of  every  possible  factor  pair  in  the  problem 
and  selects  final  locations  where  the  total  weighted  hyperplane  count 
is  at  a maximum. 

Factor  Invariance 

There  are  at  least  two  broad  aspects  of  the  concept  of  factor 
loading  variance  which  need  to  be  considered.  One  of  the  most  noted  and 

vocal  authorities  in  the  field  of  factor  analysis,  R.  B.  Cattell, 

focuses  on  the  invariance  of  factor  identification  fi'om  study  to  study. 

A consideration  of  the  matrix  algebra  in  the  factoring  problem  will 
show  that  the  arbitrary  factor  solution  (the  second  step  in  the  factor 
analysis  problem)  is  not  a unique  solution  for  the  matrix  being 

factored.  The  equation  solved  in  arriving  at  this  matrix  solution  is 

the  finding  of  a matrix  which  when  multiplied  by  its  transpose  will 
equal  the  original  correlation  matrix  being  factored.  As  long  as  ortho- 
gonality between  factors  is  maintained  this  will  be  true  for  any  rumber 
of  factor  solutions  for  a given  correlation  matrix.  Rotation  to 
simple  structure  with  the  positive  manifold  criterion  has  as  one  very 
important  purpose  the  creation  of  a final  solution  which  is  unique  to 
the  problem- -unique  in  the  sense  that  it  is  "the”  final  solution  for 
the  factorization  of  a particular  correlation  matrix.  Granted  that  the 
unique  simple  structure  position  has  been  generated  for  a particular 
study,  Cattell 's  concern  is  about  that  structure’s  invariance  across 
different  samples  and  different  tests  purporting  to  measure  the  same 
thing.  This  is  a concern  for  the  determination  of  pyschological  traits, 
pervasive  dimensions,  or  generally  occurring  factors  which  invariably 
are  a part  of  the  map  of  a domain.  This  is  a very  complex  question 
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which  he  covers  in  some  detail  (Cattell,  1966,  p.  184ff)  and  which  is 
his  concept  of  the  raison  d'etre  of  factor  analysis  as  a scientific 
method. 

The  other  aspect  of  factor  invariance  is  imbedded  in  the  method 
itself,  and  particularly  in  the  transformation  process.  What  assurance 
is  there  to  the  investigator  that  a unique  simple  structure  position 
has  been  generated  for  the  particular  tests  under  study?  What  are  the 
influences  on  factor  loadings  which  cause  them  to  vary?  These  questions 
are  prior  to  Cattell' s grander  concern.  Thurstone  (1947)  defines  two 
aspects  of  this  type  of  invariance  with  his  general  dictum  that,  . . 
the  factorial  description  of  a test  must  remain  invariant  when  the  test 
is  moved  from  one  battery  to  another  which  iiivolves  the  same  common 
factors  (p.  361).  Metric  invariance  simply  means  that  the  numerical 
values  of  factor  loadings  must  not  vary,  and  configurational  invariance 
relates  to  the  invariance  of  the  pattern  of  loadings  as  well  as  the 
intercorrelations  of  the  oblique  axes,  or  the  configuration  of  the  final 
solution.  Thurstone  suggests  that  if  we  are  to  attempt  to  ascertain  a 
set  of  generally  useful  parameters  for  a domain  (Cattell 's  concern)  then 
we  must  be  concerned  about  the  metric  and  configurational  invariance  of 
the  structures  we  have  discovered. 

Putting  it  another  way,  the  simple  structure  obtained  must  be 
unique  for  that  type  of  variable  or  test  and  sample  of  subjects  so  that 
it  is  relatively  invariant  no  matter  what  other  tests  constitute  the 
total  battery.  In  fact,  Kaiser  (1958)  suggests  that  Thurstone  was  really 
on  the  trail  of  factor  invariance  in  this  sense  when  he  formulated  the 
five  simple  structure  criteria.  This  would  mean  that  factor  invariance  is 
the  ultimate  criterion  of  the  rotation  problem,  and  that  analytic  methods 
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which  rotate  to  optimize  a mathematical  function  of  a matrix  based  on  a 
factorial  simplicity  concept  may  not  be  aimed  at  the  correct  end.  Horst 
(1965,  p.  495)  says  that  invariance  is  the  objective  of  simple  structure, 
and  that  simple  structure  is  justified  in  terms  of  invariance.  The 
concern  for  the  invariance  properties  of  a solution  is  well  stated  by 
Kaiser  (1958): 

This  invariance  property  would  seem  to  be  of  greater 
significance  than  the  numerical  tendencies  ...  to 
define  mathematically  the  doctrine  of  simple  structure. 

Although  factor  analysis  seems  to  have  many  purposes, 
fundamentally  it  is  addressed  to  the  following  problem. 

Given  an  (infinite)  domain  of  psychological  content, 
infer  the  internal  structure  of  this  domain  on  the  basis 
of  a sample  of  n tests  drawn  from  the  domain.  The 
possioility  of  success  from  such  inference  is  obviously 
dependent  upon  the  extent  which  a factor  derived  from 
a particular  battery  or  sample  of  tests  approximates 
the  corresponding  unobservable  factor  in  the  infinite 
domain.  If  a factor  is  invariant  under  changing  sam- 
ples of  tests,  i.e.,  shows  factorial  invariance 
(Thurstone,  p.  360-361),  there  is  evidence  that 
inferences  regarding  domain  factors  are  correct  (p.  195). 

Harman  (1967)  clarifies  the  relationship  between  simple  structure 

and  the  invariant  properties  of  a final  solution.  The  latter  do  not 

ascribe  any  greater  "psychological  meaning"  to  the  solution;  but  they  do 

i reflect  a greater  likelihood  of  a particular  solution  portraying 

population  factors,  or  of  an  observed  set  of  factors  portraying  the 

corresponding  domain  factors.  This  inferential  matter  has  an  obvious 

bearing  on  the  need  to  establish  the  sampling  distribution  of  rotated 

factor  loadings. 


The  Problem 

When  Kaiser  published  his  varimax  criterion  procedure  in  1958,  he 
showed  that  the  varimax  solution  ".  . . is  invariant  under  changes  in 
composition  of  the  test  battery"  (p.  195).  He  did  this  algebraically 
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fox’  a general  two-factor  case  and  empirically  for  the  four-factor  data 
which  the  present  study  will  use.  He  alluded  to  insuperable  mathematical 
difficulties  in  generalizing  from  two  to  m factors.  His  results  showed 
that  varimax  loadings  were  not  overly  dependent  on  the  test  item  make- 
up of  the  rotated  battery. 

The  oblique  transformation  methods  often  are  preferred  over  the 
orthogonal  varimax  method  because  they  permit  orthogonality  to  assert 
itself  when  present,  rather  than  restricting  the  solution  to  ortho- 
gonality. Computer  procedures  produce  oblique  solutions  quickly,  in 
comparison  to  the  slow  graphic  and  algebraic  methods  of  only  a few  years 
ago.  To  what  degree,  if  at  all,  do  their  rotated  loadings  depend  on 
which  tests  are  included  in  sampling? 

If  we  are  to  depend  on  and  use  these  oblique  machine  methods  so 
extensively,  thei'e  should  be  a demonstration  of  their  factor  invariance. 
The  purpose  of  this  study  is  to  determine  if  there  is  any  difference 
in  the  factor  loading  invariance  characteristics  of  several  machine 
rotation  methods.  This  will  be  done  by  using  identical  systematic 
changes  in  test  battery  composition  carried  into  rotation  by  each 
method.  The  dependence  of  the  solutions  of  each  method  on  the  various 
test  compositions  of  the  battery  will  be  assessed  by  examining  the 
changes  in  the  tests'  P matrix  loadings,  as  they  are  included  in 
various  batteries.  This  should  establish  whether  or  not  these  methods 
are  capable  of  insuring  that  "...  the  factorial  description  of  a test 
[as  determined  by  a particular  transformation  method]  remains  invariant 
when  the  test  is  moved  from  one  battery  to  another  which  involves  the 


same  common  factors." 


Chapter  II 


REVIEW  OF  THE  LITERATURE 

The  concerns  of  this  dissertation  developed  from  the.  discussion  by- 
Harman  (1967)  of  the  factor  invariance  problem  in  the  context  of  the 
varimax  solution.  Harman  makes  it  clear  when  discussing  varimax  that 
because  of  its  demonstrated  factor  invariance,  . . varimax  factors 
obtained  in  a sample  will  have  a greater  likelihood  of  portraying  the 
universe  varimax  factors"  (p.  313).  Elsewhere  on  the  subject  of 
invariance  he  states,  "Invariance  as  used  in  the  context  of  rotation  to 
a preferred  multiple-factor  solution  requires  that  the  factorial 
description  of  a variable  must  remain  the  same  when  it  is  a part  of  one 
battery  or  another  which  involves  the  same  common  factors  ....  The 
varimax  method  is  proposed  by  Kaiser  as  the  factorially  invariant 
solution"  (p.  272).  However,  in  subsequent  extensive  and  detailed 
discussions  of  numerous  oblique  transformation  methods,  from  which  much 
material  was  drawn  for  Chapter  I of  this  study,  he  does  not  follow  this 
with  a parallel  statement  for  any  of  the  oblique  transformation 
procedures . 

Each  of  the  papers  which  describe  the  oblique  transformation 
methods  to  be  compared  was  reviewed  (Carroll,  1957;  Cattell  and  Muerle, 
1960;  Eber,  1966;  Jennrich  and  Sampson,  1966;  Kaiser  and  Dickman,  1959; 
Saunders,  1961).  None  reveals  either  discussion  or  demonstration  of 
metric  invariance.  There  are  some  general  articles  which  touch  on  the 
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question  (Cattell,  1965;  Ferguson,  1954;  Guilford  and  Zimmerman,  1963; 
and  Thompson,  1962).  While  the  title  of  Meredith's  (1964)  article 
"Notes  on  Factorial  Invariance"  is  suggestive,  he  is  concerned  there 
with  the  mathematics  of  invariance  of  solutions  over  subsamples  rather 
than  invariance  of  solutions  over  changes  in  test  battery. 

The  point  is  that  varimax  seems  to  be  the  only  analytic  rotation 
solution  designed  for  automatic  machine  rotation  which  has  been  examined 
in  the  literature  for  dependence  upon  test  items.  The  emphasis  through- 
out the  relevant  literature  is  on  the  invariance  of  concepts  across 
samples.  Cattell  (1966)  offhandedly  puts  it  that,  "Naturally,  we  are 
talking  about  studies  on  different  subjects  ..."  (p.  191). 

Horst  (1965),  in  his  matrix  algebra  treatment  of  factor  analysis, 
agrees  that  metric  factor  invariance  is  essential  to  a good  rotation 
solution.  But  he  states,  "One  of  the  chief  difficulties  with  most  of 
the  analytical  [oblique  and  orthogonal]  methods  which  have  been  devel- 
oped is  that  they  are  greatly  influenced  by  the  particular  selection  of 
variables  . . ."  (p.  418).  The  oblique  machine  rotation  methods  are 
more  likely  to  attain  or  surpass  the  high  degree  of  stability  of  factor 
loadings  shown  by  Kaiser  for  varimax.  Commenting  specifically  on  the 
varimax  solution,  Horst  says,  "The  possibility  of  achieving  relative 
invariance  of  transformed  factor  loadings  ...  is  more  remote  than  if 
more  general  [oblique]  transformation  procedures  were  available"  (p. 
420).  Cliff  and  Pennell  (1967),  in  an  excellent  study  of  the  influences 
on  the  characteristics  of  factor  loadings,  state,  ".  . .if  the  ortho- 
gonality restriction  of  the  transformation  was  relaxed,  the  resulting 
sampling  errors  [of  loadings]  would  be  smaller  . . ."  (p.  325).  This 
implies  along  with  Horst  that  oblique  procedures  would  permit  better 
inferences  of  domain  factor  structure. 
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The  Cliff  and  Pennell  paper  is  part  of  the  continuing  attack  on 
determining  the  sampling  distribution  of  a rotated  factor  loading. 

Cliff  and  Hamburger  (1966)  conclude  that  its  standard  deviation  is  about 
the  same  as  that  of  a product -moment  correlation  coefficient  (1//N) . 
Cliff  and  Pennell  try  to  pin  this  down  by  studying  the  effects  of  the 
number  of  factors,  number  of  tests,  communal ity,  and  factorial 
complexity  of  variables.  They  conclude  that  within  one  factoring  and 
one  rotation  procedure,  "...  commonality  rather  than  loading  size  as 
such  is  the  important  determiner  of  stability  ....  The  important 
characteristic  of  a matrix  of  a given  size  is  the  communal it ies  of  the 
tests.  Higher  communalities  mean  not  only  greater  stability  for  the 
loadings  of  specific  tests  but  also  lead  to  stronger  factors  which 
mean  that  the  stability  of  al Z the  loadings  is  improved"  (p.  325). 

Cliff  and  Pennell  cite  an  obvious  consequence  to  their  methodo- 
logical approach,  which  is  that  generalization  of  their  results  to 
empirical  factor  studies  using  different  methods  of  factoring  or  ro- 
tation is  tenuous.  They  conclude,  therefore,  that  there  is  a future 
to  the  study  of  metric  invariance  of  factor  loadings  in  the  continuing 
search  for  approximate  tests  of  significance  for  the  loadings. 

The  present  study  is  designed  to  add  to  the  body  of  literature  in 
this  regard  by  holding  constant  the  method  of  factoring,  while  using 
different  transformation  methods  on  a systematically  varied  initial 
factor  matrix.  It  should  serve  to  show  the  instability  of  factor 
loadings  as  a function  of  rotation  method.  Each  method  will  be  used 
over  a wide  range  of  test  battery  sampling  with  the  communality  of  the 
tests  included  in  the  battery  systematically  varied. 


Chapter  III 


METHOD 

The  Correlation  Matri x 

The  basic  battery  of  tests  to  be  used  in  this  study  of  the  test 
item  dependence  of  six  automatic  machine  rotation  procedures  is  Holzinger 
and  Harman's  Twenty-Four  Psychological  Tests  (Holzinger  and  Harman, 

1941)  . These  data  were  gathered  in  1934-36  by  Holzinger  and  Swineford 
on  145  seventh  and  eighth  grade  school  children  in  a suburb  near 
Chicago.  They  have  been  used  extensively  since  then  in  numerous  factor 
analytic  studies  and  demonstrations  of  method.  So  much  work  has  been 
done  with  them,  in  fact,  that  they  represent  a sort  of  classic  in 
factor  analysis.  The  basic  statistics  of  these  data  (means,  standard 
deviations,  and  reliability  coefficients)  are  presented  in  Table  A-93, 
and  the  correlation  matrix  is  presented  in  Table  3.1.  The  complete 
descriptive  data  for  all  the  tests  are  given  in  Holzinger  and  Harman 
(1941),  Appendix  B. 


The  Initial  Factor  Solution 

The  initial  common-factor  solution  of  the  correlation  matrix  of 

Table  3.1  is  the  four-factor  orthogonal  centroid  solution  shown  in 
2 

Table  3.2.  R was  used  as  the  eommunality  estimate.  Although  Harman 
(1967)  gives  five  initial  solutions  from  among  the  many  possible, 
with  from  four  to  seven  factors  extracted,  this  centroid  solution  was 
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INTERCORRELATIONS  OF  TWENTY-FOUR  PSYCHOLOGICAL  TESTS* 
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TABLE  3.2 

CENTROID  MATRIX  FOR  24  PSYCHOLOGICAL  TESTS* 


Factors 


Tests 

I 

II 

III 

IV 

, 2 
h 

1 

608 

-116 

300 

-250 

536 

2 

372 

-119 

207 

-135 

214# 

3 

427 

-220 

262 

-155 

323# 

4 

477 

-211 

206 

-184 

348# 

5 

668 

-306 

-344 

108 

670 

6 

661 

-557 

-258 

216 

664 

7 

652 

-396 

-384 

124 

745 

S 

662 

-225 

-153 

-060 

516 

9 

664 

-394 

-240 

308 

749 

10 

462 

455 

-365 

-136 

572 

11 

569 

397 

-208 

-063 

529 

12 

484 

360 

-149 

-388 

537 

13 

608 

130 

-099 

-402 

558 

14 

442 

199 

-013 

293 

321 

15 

407 

170 

146 

266 

287 

16 

523 

077 

300 

076 

375 

17 

492 

317 

082 

338 

464 

IS 

547 

307 

248 

072 

460 

19 

452 

125 

129 

111 

249# 

20 

612 

-174 

128 

004 

421 

21 

601 

114 

080 

-171 

410 

22 

608 

-144 

145 

136 

430 

23 

691 

-164 

129 

116 

534 

24 

654 

151 

-150 

-003 

473 

„ 2 
Sum  a.  . 
il 

7 . 657 

1.600 

1.145 

1.001 

11.385 

*Hol zinger  § Harman..  1841,  p.  191.  #Omitted  in  rotational  schemes 
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selected  because  it  is  the  one  which  has  been  used  by  many  developers 
cf  rotational  schemes  to  demonstrate  their  methods  (Kaiser,  1958;  and 
Eber,  1966,  among  others) . This  can  provide  a degree  of  comparability 
of  final  solutions  not  available  otherwise.  Also,  the  pattern  of 
varimax  rotated  loadings  from  this  initial  solution  is  particularly 
useful . 

Table  3.3  shows  the  varimax  solution  for  the  centroid  matrix  of 
Table  3.2.  Note  in  Table  3.3  that  tests  2,  3,  4,  and  19  have  particu- 
larly low  communalities  as  well  as  generally  low  factor  loadings.  Their 
reliability  coefficients  are  given  in  Table  A-93  of  the  Appendix.  Tests 
2,  3,  and  4 have  their  highest  loadings  on  factor  III,  which  is  already 
well  defined  by  tests  1,  20,  21,  22,  and  23.  Test  19  has  its  highest 
loading  on  factor  IV,  which  is  also  well  defined  by  five  other  tests. 
Exclusion  of  these  four  low  communality  tests  would  not  substantially 
affect  the  multiple-factor  solution  to  this  problem.  The  reason  for 
their  exclusion  will  be  made  clear. 

Rotation  Methods 

The  computer  rotation  methods  used  in  this  study  are  varimax, 
oblimax,  binormamin,  oblimin  (biquartimin) , maxplane,  and  simple 
loadings.  The  varimax  program  used  is  the  UCLA  Biomedical  Computer 
Programs  version  (BMD  03M) . The  oblimax  and  binormamin  programs  used 
are  presently  in  use  at  the  University  of  Illinois.  They  are  adapta- 
tions of  the  original  Saunders  and  the  original  Kaiser  and  Dickman 
procedures,  and  versions  are  running  on  the  University  of  Florida  IBM 
System/360-50.  The  oblimin  (biquartimin)  program  used  is  an 
adaptation  of  Carroll's  method  by  Geertsma.  The  maxplane  program 
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TABLE  3.3 


VAR I MAX  SOLUTION  FOR  TWENTY-FOUR  PSYCHOLOGICAL  TESTS* 


Factors 


Tests 

I 

II 

III 

IV 

h2 

1 

14 

19 

67 

17 

536 

0 

10 

07 

43 

10 

214 

3 

15 

02 

54 

08 

232 

4 

20 

09 

54 

07 

348 

5 

75 

21 

22 

13 

670 

6 

75 

10 

23 

21 

664 

7 

82 

16 

21 

08 

745 

8 

54 

26 

38 

12 

516 

9 

80 

01 

22 

25 

749 

10 

15 

70 

-06 

24 

572 

11 

17 

60 

08 

36 

529 

12 

02 

69 

23 

11 

537 

13 

18 

59 

41 

06 

558 

14 

22 

16 

04 

50 

321 

15 

12 

07 

14 

50 

287 

16 

08 

10 

41 

43 

375 

17 

14 

18 

06 

64 

464 

18 

00 

26 

32 

54 

460 

IS 

- 13 

15 

24 

39 

249 

20 

35 

11 

47 

25 

421 

21 

15 

38 

42 

26 

410 

22 

36 

04 

41 

36 

430 

23 

35 

21 

57 

22 

534 

24 

34 

44 

22 

54 

473 

Sum  a. . 2 
ij 

3.50 

2.44 

3.08 

2.36 

11.385 

*Harman,  1967 
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came  from  the  University  of  Georgia  version  of  the  Eber  (1966) 
modification.  It  was  adapted  to  run  on  the  University  of  Florida's 
computer  installation.  A simple  loadings  procedure  has  recently 
become  available  as  part  of  the  BMD  package  (BMD  X72)  and  this  was 
adapted  to  run  at  Florida.  For  this  method,  the  value  zero  was  used 
for  6,  the  parameter  in  the  criterion,  on  the  advice  of  Jennrich,  and 
the  Kaiser  normalization  procedure  was  used.  Although  the  main 
thrust  of  this  study  concerns  the  oblique  methods,  orthogonal  varimax 
solutions  are  included  to  permit  some  additional  comparisons  as  well 
as  to  refine  the  judgement  of  factor  invariance  made  by  Kaiser  for 
his  method. 


Scheme  of  Analysis 

In  this  study  each  of  the  machine  rotation  procedures  is 
required  to  rotate  sample  variations  on  the  centroid  factor  solution 
of  Table  3.2.  There  are  eight  variations  (or  conditions,  as  they  will 
hereafter  be  called),  plus  the  original  centroid  solution,  which  are 
imposed  on  the  test  battery.  Each  condition  represents  the  exclusion 
of  certain  of  the  twenty-four  tests  of  the  basic  battery  from  rotation, 
and  each  condition  should  be  viewed  as  a test  battery  in  itself.  The 
effect  of  these  conditions  is  to  move  each  test  from  battery  to  battery 
involving  the  same  common  factors.  If  the  factor  loadings  for  a test 
remain  relatively  constant  over  these  changing. batteries  (conditions), 
then  factor  invariance  has  been  demonstrated;  and  the  method  used  will 
then  be  shown  to  be  insensitive  to  test  battery  variations. 

Table  3.4  shows  the  tests  arranged  with  the  test  numbers  appear- 
ing in  columns  corresponding  to  the  factors  on  which  they  have  the 
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TABLE  3.4 

TEST  NUMBER  AND  FACTOR  LOADING  PATTERN 
(Communalities  in  Parentheses) 

Factors 


Rank  by 


Communal ity 

I 

II 

III 

IV 

Sum  of  1 

1 

9 

(.75) 

10 

(.57) 

1 (.54) 

17  (.46) 

2.32 

2 

7 

(.74) 

13 

(.56) 

23  (.53) 

18  (.46) 

2.29 

3 

5 

(.67) 

12 

(.54) 

22  (.43) 

16  (.38) 

2.02 

4 

6 

(.66) 

11 

(.53) 

20  (.42) 

14  (.32) 

1.93 

5 

8 

(.52) 

24 

(.47) 

21  (.41) 

15  (.29) 

1.69 

Sum  of 

3.34 

2.67 

2.33 

1.91 

10.25 

2 


Percent  of 

Total  h2  32  26  23  19 
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highest  loadings  when  rotated  to  the  varimax  criterion  (Table  3.3). 

Notice  that  factor  I consists  of  tests  with  high  communality,  factor 
IV  consists  of  tests  with  low  commonality,  and  that  factors  II  and  III 
fall  somewhere  in  between.  The  exclusion  of  tests  2,  3,  4,  and  19  has 
permitted  Table  3.4  to  have  the  symmetric  appearance  that  it  does.  The 
configuration  displayed  in  this  table  is  maintained  for  descriptive 
purposes  generally  invariant  over  all  rotation  samples. 

According  to  Thurstone  (1947,  p.  363),  there  must  be  enough  tests 
representing  a factor  in  a test  battery  to  determine  a factor.  This  is 
not  less  than  two  tests  per  factor,  which  defines  a common  factor;  but 
only  two  might  make  the  factor  location  uncertain.  The  plan  of  this 
study  in  imposing  selective  conditions  of  test  exclusion  on  the  battery 
takes  this  into  account  by  having  five,  four,  three,  and  two  tests  repre- 
senting the  factors — an  increasingly  harsh  imposition  on  the  rotation 
procedure  to  locate  factors.  This  sampling  varies  the  battery  test  com- 
position without,  in  most  cases,  seriously  affecting  the  battery  factor 
composition  or  the  factor  composition  of  the  tests  in  the  battery. 

In  addition  to  the  simplicity  of  excluding  various  tests  from 
r\ 

rotation  in  order  to  vary  the  test  battery  actually  carried  into  rota- 
tion, careful  consideration  was  given  to  the  communality  of  the  tests 
excluded  in  each  condition.  This  was  directly  the  result  of  Cliff  and 
Pennell's  (1967)  assertion  regarding  the  importance  of  communality  and 
therefore  factor  strength  on  the  stability  of  factor  loadings.  Table 
3.5  shows  the  plan  of  the  eight  test  battery  modifications  in  which 
certain  tests  are  excluded.  Careful  examination  of  Table  3.5  in  con- 
junction with  Table  3.4  will  reveal  the  systematic  varying  of  test 
communality  and  factor  strength  in  each  condition  beyond  the  initial 
"All",  condition,  in  which  20  tests  are  carried  into  rotation.  It  was 
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TABLE  3.5 


TEST  BATTERY  MODIFICATIONS 


Condition 

Factor 

Sum  of 
h2 

Percent 
of  Total 

No.  of 
Tests 

Tests 

Excluded 

Description 
of  Condition 

All 

I 

3.34 

32 

5 

None 

Balanced  matrix 

II 

2.67 

26 

5 

None 

of  strong  and 

III 

2.33 

23 

5 

None 

weak  tests  and 

IV 

1.91 

19 

r 

D 

None 

factors. 

10.25 

100 

20 

1 

I 

1.49 

21 

2 

5,6,8 

Exclusion  of 

II 

1.67 

23 

3 

11,24 

weak  tests  in 

III 

1.92 

28 

4 

21 

strong  factors. 

IV 

1.91 

28 

_5 

None 

6.99 

100 

14 

2 

I 

3.34 

43 

5 

None 

Exclusion  of 

II 

2.20 

28 

4 

24 

weak  tests  in 

III 

1.50 

19 

3 

20,21 

1 

weak  factors. 

IV 

0.92 

11 

2 

14,15,16 

7.96 

100 

14 

3 

I 

3.34 

46 

5 

None 

Exclusion  of 

II 

2.10 

29 

4 

10 

strong  tests  in 

III 

1.26 

17 

3 

1,23 

weak  factors. 

IV 

0.61 

8 

_2 

16,17,18 

7.31 

100 

14 

30 


TABLE  3,5  (Continued) 


Condition 

4 


5 


6 


7 


Sum  of 

Percent 

No . of 

Tests 

Description 

Factor 

h2 

of  Total 

Tests 

Excluded 

of  Condition 

I 

1.18 

18 

2 

5,7,9 

Exclusion  of 

II 

1.54 

24 

3 

10,13 

strong  tests  in 

III 

1.74 

28 

4 

1 

strong  factors. 

IV 

1.91 

30 

_5 

None 

6.42 

100 

14 

I 

1.85 

33 

3 

7,9 

Exclusion  of 

II 

1.54 

27 

3 

10,13 

2 strongest 

III 

1.26 

22 

3 

1,2,3 

tests  in  each 

IV 

0.99 

18 

_3_ 

17,18 

factor. 

5.64 

100 

12 

I 

2.16 

33 

3 

6,8 

Exclusion  of 

II 

1.67 

25 

3 

11,24 

2 weakest 

III 

1.50 

23 

3 

20,21 

tests  in  each 

IV 

1.30 

19 

3 

14,15 

factor. 

6.63 

100 

12 

I 

1.18 

33 

2 

5,7,9 

Exclusion  of 

II 

1.00 

28 

2 

10,12,13 

3 strongest 

III 

0.83 

22 

2 

1,22,23 

tests  in  each 

IV 

0.61 

17 

2_ 

16,17,18 

factor. 

3.62 

100 

8 

I 

1.49 

32 

2 

5,6,8 

Exclusion  of 

II 

1.13 

25 

2 

11,12,24 

3 weakest 

III 

1.07 

23 

2 

20,21,22 

tests  in  each 

IV 

0.92 

20 

2 

14,15,16 

factor. 

4.61 

100 

8 

8 
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the  exclusion  of  tests  2,  3,  4 and  IS  which  permitted  the  balanced 
exclusions  which  the  conditions  represent. 

It  was  anticipated  that  should  any  of  the  six  methods  severely 
break  down  and  fail  to  achieve  satisfactory  simple  structure  for  any 
of  the  conditions  imposed,  the  experimenter  could  pinpoint  what  the 
situation  was  at  that  time  with  respect  to  all  aspects  of  battery 
composition  and  perhaps  find  parallel  problems  with  the  other  proce- 
dures under  the  same  condition.  Unlike  a Monte  Carlo  approach,  this 
systematic  manipulation  insures  that  a reasonably  full  gamut  of  pro- 
gressively harsh  situations  is  imposed  for  each  of  the  machine  methods 
to  test  its  robustness,  as  well  as  to  permit  cross-method  comparisons 
of  equal  situations  without  having  to  rely  on  principles  of  random 
distribution  and  selection. 

Indices  of  Stability 

Carrying  this  four-factor  problem  into  rotation  nine  times  for 
each  of  six  methods  produced  54  final  solution  rotated  factor  matrices. 
With  the  exception  of  varimax,  these  were  transformed  to  P matrices 
since  we  were  looking  primarily  at  the  factor  composition  of  tests. 

These  matrices  are  contained  in  the  Appendix  as  Tables  A-l  through  A-54. 
In  order  to  look  at  the  individual  test's  loadings  for  each  factor 
under  these  nine  conditions  of  test  battery  composition,  the  factor 
loadings  were  re-arranged  in  such  a way  as  to  make  their  variability 
across  conditions  more  evident.  Table  3.6  consists  of  excerpts  from 
Table  A-55,  which  is  the  factor  I loadings  of  the  20  tests  when  they 
have  been  rotated  to  the  varimax  criterion  in  all  nine  conditions. 
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TABLE  3.6 

Varimax  Loadings  for  Test  6 and  Test  20  in  All  Conditions 

Conditions 


Test 

All 

1 

2 

3 

4 

5 

6 

7 8 

RMSA 

RMSP 

6 

76 

77 

75 

77 

75 

75 

0089 

0118 

20 

38 

34 

38 

46 

40 

41 

0434 

0563 

Stability 

would 

be 

demonstrated  by 

the 

loadings  for  a 

test  not 

sub- 

stantially  changing,  as  is  the  case  with  test  6 which  was  included 
in  five  of  the  eight  battery  conditions.  On  the  other  hand,  for  the 
same  number  of  loadings,  test  20  is  considerably  more  variable  in  its 
values  for  factor  loadings.  This  is  empirically  indicated  by  the 
values  in  the  columns  headed  RMSA  and  RMSP . RMS A represents  the  root- 
mean  square  of  the  sum  of  the  squared  differences  between  each  loading 
in  a test  row  and  the  loading  for  that  test  in  the  "All"  condition. 

RMSP  is  the  root-mean  square  of  the  sum  of  the  squared  differences  be- 
tween all  possible  pairs  in  a test  row,  including  the  "All"  condition. 
Thus  in  this  example,  five  differences  go  into  RMSA  and  fifteen  go  into 
RMSP.  The  permutations  of  tests  to  define  conditions  for  each  method 
resulted  in  two  tests  having  seven  loadings  for  each  of  four  factors, 
twelve  tests  having  six,  and  six  tests  having  five  loadings  per  factor. 

Both  the  RMSA  and  the  RMSP  statistics  were  carried  into  the  final 
analysis  and  reported  because  there  seems  to  be  adequate  rationale  for 
using  either  as  an  indication  of  the  stability  of  the  loadings.  The 
"All"  condition  is  the  largest  of  the  nine  batteries  carried  into  rota- 
tion, has  the  best  and  most  balanced  test  and  factor  representation, 
and  is  the  standard  battery  from  which  the  other  eight  are  derived. 
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It  seems  reasonable  to  judge  stability  by  the  differences  from  this 
criterion  condition.  However,  there  are  at  most  only  six  elements  en- 
tering into  the  calculation  of  each  RMSA.  On  the  other  hand,  by  con- 
sidering the  differences  between  all  possible  pairs  of  loadings  for  a 
test  on  a factor,  a minimum  of  ten  elements  are  summed  in  the  RMSP 
statistic.  This  latter  also  emphasizes  the  stability-across-conditions 
aspect  of  the  study,  in  tnat  the  loadings  should  be  stable  among  various 
conditions  as  well  as  with  respect  to  a criterion  condition. 

The  process  of  laying  out  the  successive  factor  loadings  and  the 
RMSA  and  RMSP  figures  was  carried  out  for  every  test  on  every  factor  in 
every  rotation  method.  Tables  A-55  through  A-78  show  these  arrangements. 
The  same  processes  of  calculating  variability  were  done  for  the  factor 
intercorrelations  for  each  of  the  five  oblique  methods,  and  these  appear 
in  Tables  A-79  through  A-83. 

Stability  Comparisons 

It  can  be  seen  that  each  method's  rotation  problems  were  identical 
in  that  the  same  eight  conditions  (plus  the  initial  "All”)  were  imposed 
for  each  method.  This  means  that  20  RMSA  and  20  RMSP  values  w;ere  com- 
puted for  each  factor,  or  80  for  each  method.  Taken  as  an  aggregate, 
each  method's  80  indices  of  factor  loading  stability  (either  RMSA  or 
RMSP)  can  be  considered  an  index  of  that  method's  ability  to  cope 
with  all  the  conditions  imposed  on  the  test  battery  carried  into  rota- 
tion. 

The  fixed-effects,  one-way  analysis  of  variance  with  equal  repli- 
cations is  an  appropriate  technique  to  test  the  null  hypothesis  of  no 
erences  among  the  six  methods  in  test  loading  stability  over  these 
conditions.  The  dependent  variable  is  either  the  RMSA  or  the  RMSP  index 
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for  each  test  on  each  factor.  Having  replicates  in  each  cell  of  the 
design  equal  to  80  makes  the  analysis  quite  robust.  Similar  analyses 
of  variance,  but  with  only  six  replicates  per  cell,  were  conducted  on 
both  the  RMSA  and  RMSP  statistics  resulting  from  the  intercorrelation 
coefficients  among  the  primary  factors  for  the  five  oblique  methods. 

Since  planned  independent  comparisons  are  not  a part  of  the  de- 
sign of  this  study,  and  since  it  is  a misuse  of  the  t-test  to  make 
comparisons  suggested  by  the  data  if  they  were  not  initially  planned, 
a different  method  to  compare  each  rotation  method  with  each  other 
must  be  used.  Duncan's  Multiple-Range  Test  (Steele  and  Torrie,  1960) 
was  used  to  compare  the  methods'  mean  RMSA  and  RMSP  indices  after  the 
analyses  of  variance.  Using  this  test,  the  probability  of  finding 
a significant  difference  between  any  two  means  when  the  corresponding 
true  means  are  equal  is  less  than  or  equal  to  the  significance  level 
chosen.  For  this  study  that  level  is  p = .01  (two  tail). 


Chapter  IV 


RESULTS  AND  DISCUSSION 
Stability  of  Factor  Loadings 

There  is  a significant  difference  among  the  methods  of  rotation 
in  their  ability  to  achieve  invariance  of  factor  loadings  across  the 
conditions  of  test  battery  composition  imposed  on  them.  A low  mean 
RMSA  or  RMSP  statistic  would  indicate  relative  invariance  or  stability 
of  factor  loadings,  and  varimax  is  the  best  in  this  regard  with  a mean 
RMSA  of  .0360  and  a mean  RMSP  of  .0433.  On  the  other  end  of  the  scale 
lies  oblimin  (biquartimin)  with  mean  RMSA  and  RMSP  values  almost  five 
times  as  large--. 1538  and  .1943.  The  analyses  of  variance  conducted 
over  the  80  RMSA  and  80  RMSP  indices  for  each  of  the  six  rotation 
methods  are  summarized  in  Tables  4.1  and  4.2,  both  of  which  show  an  F 
statistic  significant  beyond  the  .01  level.  This  leads  to  rejection 
of  the  null  hypothesis  of  no  difference  in  the  stability  of  factor 
loadings  across  the  rotation  methods. 

The  application  of  Duncan's  Multiple-Range  Test  (Tables  4.1  and 
4.2)  to  the  mean  RMSA  and  RMSP  indices  for  each  pair  of  methods  also 
shows  that  although  varimax  has  the  lowest  mean  in  both  cases,  there 
is  statistically  no  difference  between  it  and  either  simple  loadings, 
binormamin,  oblimax,  ormaxplane.  The  analysis  using  RMSA  (Table  4.1) 
is  slightly  different  in  delineating  differences  among  methods  than 
the  analysis  using  RMSP  (Table  4.2).  The  overlap  in  non-significant 
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TABLE  4.1 
Factor  Loadings 

RMSA  Analysis  of  Variance  Summary  Table 

Source  of  Variation  df  Sum  of  Squares Mean  Square F 

Among  Methods  5 0.8863  .178  46.50** 

Within  Methods  474  1.8017  .004 


Total  479  2.6880 

Duncan's  Multiple-Range  Test.  Summary  Table 
Ranked  Means 

Varimax  Simple  Loadings  Binormamin  Oblimax  Maxplane  Oblimin  (bicf) 
.0360  .0476  .0560  .0944  .1254  .1538 


Note: 

Any  two  means  underscored  by  the  same  line  are  not  significantly  different 
at  the  .01  level. 


** 


Significant  at  or  beyond  the  .01  level. 
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TABLE  4.2 
Factor  Loadings 


RMSP  Analysis  of  Variance  Summary  Table 


Source  of  Variation 
Among  Methods 
Within  Methods 


df  Sum  of  Squares Mean  Square  F 

5 1.340  0.268  53.60* ** 

474  2.583  0.005 


Total 


479  3.923 


Duncan's  Multiple-Range  Test  Summary  Table 
Ranked  Means 


Varimax  Simple  Loadings  Binorm amin  Oblimax  Maxplane  Oblimin  (big) 
.0433  .0575  .0667  .1018  .1416  .1943 


Note: 

Any  two  means  underscored  by  the  same  line  are  not  significantly  different 
at  the  .01  level. 

**  Significant  at  or  beyond  the  .01  level. 
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pairwise  differences  (ranked  means  underscored  by  the  same  line)  is 
less  using  the  RMSP  statistic;  but  overall  the  relative  ability 
of  binorraamin,  obliraax,  and  maxplane  may  be  considered  about  equal. 

The  clear  fact  emerging  from  this  comparison  of  means  for  methods  is 
that  varimax  and  simple  loadings  are  on  the  stable,  low  variance  end, 
while  oblimin  (biquartimin)  is  significantly  different  from  them  and 
on  the  unstable,  high  variance  end. 

Stability  of  Factor  Intercorrelations 

The  Holzinger  and  Harman  data  provide  an  essentially  oblique 
factor  problem,  or  one  in  which  the  oblique  methods  should  be  used 
(rather  than  the  orthogonal  methods)  to  explore  the  factor  structure 
of  the  battery  or  of  the  domain  it  represents.  The  mean  absolute  fac- 
tor intercorrelation  for  the  problem  when  all  20  tests  are  carried 
into  rotation  by  the  five  oblique  methods  considered  is  .433,  which 
corresponds  to  an  average  angle  between  factors  of  about  64° . 

There  is  a significant  difference  among  the  oblique  methods  in 
their  ability  to  produce  stable  factor  intercorrelation  coefficients 
across  the  various  test  batteries  used  as  conditions  in  which  the  factors 
appear.  The  simple  loadings  method  is  the  least  variable  in  this 
regard,  with  a mean  RMSA  of  .0707  and  a mean  RMSP  of  .0947.  Maxplane 
is  on  the  more  unstable  end  with  a mean  RMSA  of  .1882  and  a mean  RMSP 
of  .2351.  The  analyses  of  variance  conducted  over  the  6 RMSA  and  6 
RMSP  indices  for  the  factor  intercorrelations  produced  by  each  oblique 
method  are  summarized  in  Tables  4.3  and  4.4.  The  F statistics  shown 
are  significant  beyond  the  .01  level,  indicating  that  this  null  hypo- 
thesis of  no  difference  among  the  methods  must  also  be  rejected. 
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TABLE  4.3 

Factor  Intercorrelations 


RMSA  Analysis  of  Variance  Summary  Table 


Source  of  Variation 

df 

Sum  of  Squares 

Mean  Square  F 

Among  Methods 

4 

.0665 

.0166  6.64* ** 

Within  Methods 

25 

.0628 

.0025 

Total 

29 

.1293 

Duncan's  Multiple-Range  Test  Summary  Table 


Ranked  Means 


Simple  Loadings  Binorm amin  Oblimax 

.0707  .0847  .1230 


Oblimin  (big)  Maxplane 
.1757  .1882 


Note: 

Any  two  means  underscored  by  the  same  line  are  not  significantly  different 
at  the  .01  level. 

** 


Significant  at  or  beyond  the  .01  level. 
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TABLE  4.4 

Factor  Intercorrelations 


RMSP  Analysis  of  Variance  Summary  Table 


Source  of  Variation 

df 

Sum  of  Squares 

Mean  Square  F 

Among  Methods 

4 

. 1044 

.0261  5.61* ** 

Within  Methods 

25 

.1139 

.0046 

Total 

29 

.2183 

Duncan's  Multiple-Range  Test  Summary  Table 
Ranked  Means 


Simple  Loadings  Binormamin  Ob  1 imax 
.0947  .1142  .1538 


Oblimin  (big)  Maxplane 
.2347  .2351 


Note: 

Any  two  means  underscored  by  the  same  line  are  not  significantly  different 
at  the  .01  level. 

**  Significant  at  or  beyond  the  .01  level. 
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The  application  of  Duncan's  Multiple-Range  Test  to  these  data 
(Tables  4.3  and  4.4)  shows  slightly  less  range  between  highest  and 
lowest  mean  RMSA  and  RMSP  values  than  with  the  factor  loadings  data. 

In  the  table  of  ranked  means,  maxplane  is  now  the  method  on  the  high 
end  and  oblimin  is  next  highest.  Otherwise,  the  order  of  the  ranked 
means  is  the  same  as  that  for  the  factor  loadings  analyses.  The  gen- 
eral configuration  of  the  overlapping  non-significant  differences  is 
the  same,  with  simple  loadings  on  the  stable,  low  end  and  both  maxplane 
and  oblimin  on  the  unstable,  high  end.  Again,  binormamin  and  oblimax 
lie  about  equal  to  each  other  in  the  mid-range. 

Discussion 

In  order  to  assess  what  these  results  may  mean  to  an  experimenter 
who  must  choose  between  various  oblique  methods  of  rotation,  it  is 
perhaps  useful  to  reflect  on  the  stability  measures  used  in  these 
analyses  of  variance. 

There  appears  to  be  no  useful  or  substantial  difference  between 
the  results  of  analyses  using  either  the  RMSA  or  the  RMSP  statistics. 

The  RMSP  has  slightly  greater  within-methods  variance  associated  with 
it  as  would  be  expected,  but  this  does  not  appreciably  affect  the  results. 
Both  have  been  reported  in  this  study  simply  to  show  their  virtually 
identical  results  in. spite  of  their  different  sampling  rationales. 

The  analysis  of  the  factor  loadings  themselves  would  provide  a 
mean  factor  loading  and  a variance  of  factor  loadings  for  each  method 
over  all  conditions  imposed.  It  would  do  the  same  for  the  factor 
intercorrelations.  These  statistics  would  perhaps  have  some  direct 
meaning  for  the  reader,  but  they  would  not  be  getting  at  the  heart  of 
the  matter,  which  is  stability:  changes  in  the  particular  test's 
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loadings  over  the  various  conditions.  Taking  either  the  root-mean 
square  of  the  sum  of  squared  pairwise  differences  of  absolute  values 
of  test  loadings  for  a single  test  over  all  conditions  (RMSP) , or 
taking  the  root-mean  square  of  the  sum  of  the  squared  differences  of 
loadings  from  a criterion  condition  (RMSA) , seems  to  get  at  this  more 
directly. 

Each  of  the  80  RMSAs  and  80  RMSPs  (20  for  each  of  four  factors) 
is  a direct  indication  of  the  stability  of  a test's  factor  loadings 
as  determined  by  a particular  automatic  rotation  method.  The  higher 
the  statistic,  the  lower  the  stability.  The  less  that  a test's  load- 
ings change  as  the  test  is  included  in  the  various  batteries  carried 
into  rotation  by  a method,  then  the  lower  will  be  the  test's  index  for 
that  method.  The  less  that  all  20  tests'  loadings  change  the  lower  will 
be  that  method's  mean  index.  A low  mean  index  for  a method  indicates 
high  stability  for  that  method. 

The  analyses  of  variance  simply  test  to  determine  if  all  methods 
provide  equally  stable  solutions  over  all  test  battery  conditions. 

Tables  4.1  and  4.2  clearly  show  that  they  do  not  with  respect  to  factor 
loadings.  Tables  4.3  and  4.4  indicate  that  neither  do  they  with  respect 
to  factor  intercorrelations.  Finally,  because  various  tests  compose 
the  batteries  and  make  them  different  from  condition  to  condition,  high 
stability  would  indicate  relative  independence  of  methods  and  test 
items  in  batteries.  Varimax  and  simple  loadings  unequivocally  share 
this  characteristic  on  both  factor  loadings  and  factor  intercorrelations. 
Binormamin  might  be  included  on  the  basis  of  its  better  showing  in  the 
analyses  of  factor  intercorrelations. 
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In  the  analyses  of  the  loadings  it  seems  clear  the  oblimin  (bi- 
quartimin)  method  has  some  trouble  at  some  point  in  the  conditions  im- 
posed. Digging  behind  the  summary  results  of  Tables  4.1  and  4.2 
reveals  why  oblimin  appears  so  different  from  the  other  methods.  The 
answer  lies  in  the  test  battery  carried  into  rotation  in  condition  3. 
Examination  of  Tables  3.4  and  3.5  shows  that  condition  3 excludes  the 
stronger  tests  of  the  weaker  factors,  those  tests  which  tend  to  iden- 
tify and  locate  the  factors.  Factor  I has  its  full  complement  of  tests 
present  in  this  14-test  battery  while  the  main  tests  which  define 
factor  IV,  the  weakest  factor,  are  excluded.  Factor  I becomes  over- 
powerfully  dominant.  Notice  that  nearly  half  (46%)  of  the  communality 
carried  into  rotation  is  on  factor  I.  The  Kaiser  normalization  proce- 
dure, which  is  a part  of  oblimin  (biquartimin) , should  permit  it  to  cope 
with  the  problem,  but  all  the  methods  except  oblimin  (biquartimin)  were 
able  to  locate  primary  factors  II,  III,  and  IV  with  a fair  degree  of 
success.  This  can  be  seen  by  the  condition  3 primary  factor  matrices 
for  each  method  in  the  tables  in  the  Appendix  as  well  as  by  the  coded 
rotated  factor  matrices  later  to  be  discussed  in  this  chapter.  Table 
A-22  shows  that  the  oblimin  (biquartimin)  rotation  of  the  condition  3 
test  battery  resulted  in  the  collapse  of  factor  IV,  represented  by  only 
two  weak  tests,  onto  factor  III,  which  is  shown  by  the  III-IV  correl- 
ation coefficient  of  .969.  Factor  I emerged  as  a general  factor  almost 
completely  independent  of  the  remaining  factors,  as  can  be  seen  by  its 
factor  intercorrelations  of  only  -.047,  .005,  and  .035.  The  effect  of 
this  factor  collapse  on  the  stability  of  loadings  for  oblimin  (biquarti- 
min) is  evident  in  Tables  A-63  through  A-66;  and  the  effect  on  the  sta- 
bility of  the  primary  factor  intercorrelations  is  evident  in  Table 


A-80 . 
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It  seems  obvious  that  oblimin  (biquartimin)  is  not  sufficiently 
robust  to  cope  with  the  test-factor-battery  communality  combination 
of  condition  3,  which  is  probably  not  an  uncommon  situation  to  be  en- 
countered. A good  transformation  method  should  be  able  to  reveal  the 
location  of  the  weaker  factors  even  if  strong  dominance  by  one  factor  is 
encountered . The  other  methods  fare  quite  well  by  comparison  in  this 
regard.  Perhaps  the  oblimin  method  with  another  arbitrary  parameter 
(covarimin  or  quartimin)  would  do  better,  but  the  biquartimin  is  the 
normal  standard  which  was  put  into  comparison  with  other  methods' 
normal  parameters. 

Examination  of  Tables  A-55  through  A-83  (loadings  and  inter- 
correlations stability  tables)  does  not  reveal  any  unusual  or  salient 
reasons  why  the  maxplane  and  oblimax  methods  should  be  as  relatively 
unstable  as  they  appear.  Even  the  factor  collapse  by  oblimin  (biquarti- 
min) in  condition  3,  which  resulted  in  factor  correlations  of  nearly 
zero  and  unity,  was  not  sufficient  to  make  its  mean  RMSA  or  RMSP  for 
correlations  greater  than  maxplane.  Although  maxplane  and  oblimax  are 
quite  different  in  criterion,  there  seems  to  be  a general  variability 
in  factor  location  for  both  of  these  methods  which  becomes  significant 
when  viewed  in  a comparative  study. 

Simple  Structure 

The  relative  ability  of  the  methods  to  achieve  stability  of 
their  factor  loadings  and  their  factor  intercorrelations  has  been 
assessed  and  discussed.  Certain  methods  have  been  shown  to  be  superior 
in  this  regard.  However,  the  other  side  of  the  coin  in  factor  rotation 
problems  relates  to  the  goodness  of  simple  structure  achieved  by  a method. 


( 
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When  this  study  was  originally  designed  it  was  planned  to  accept 
each  method's  definition  of  simple  structure  as  the  best  it  could  do 
under  the  imposed  circumstances,  and  proceed  to  look  only  at  the  depen- 
dence of  the  factor  loadings  and  factor  intercorrelations  on  the  test 
item  content  of  the  various  sample  test  batteries.  But  no  factor 
analyst  can  simply  look  at  a factor  matrix  and  pass  on  without  assessing 
its  clarity  of  solution.  At  this  point  in  the  development  of  factor 
analytic  methodology  this  is  largely  a subjective  decision  based  on 
the  rules  for  simple  structure  by  Thurstone  which  have  been  earlier 
set  forth.  To  make  this  assessment  easier  by  washing  out  minor  dif- 
ferences, a coding  scheme  was  developed  for  presenting  factor  loadings. 
While  this  might  not  be  considered  strictly  appropriate  for  evaluation 
of  P matrices,  it  is  extremely  helpful  and  revealing. 

Table  4.5  is  a duplicate  of  Table  A-87.  It  has  been  brought 
forward  into  this  chapter  to  serve  as  an  example  as  well  as  to  shed 
further  light  on  the  problem  that  oblimin  (biquartimin)  revealed  it- 
self as  having.  Table  4.5  summarizes  the  ability  of  each  method  to 
achieve  simple  structure  in  condition  3 by  combining  into  one  table 
in  coded  form  the  six  rotated  primary  factor  matrices  for  this  condition 
of  test  battery  composition. 

Good  simple  structure  would  be  seen  in  a coded  table  such  as 
Table  4.5  as  a maximum  number  of  low  (<.26)  loadings  and  a minimum 
number  of  moderate  (.26  - .40)  loadings.  It  can  be  seen  that  varimax 
did  not  do  very  well  in  this  regard,  probably  because  of  the  orthogonal 
restriction  being  applied  to  this  oblique  situation.  The  fact  that 
oblimin  (biquartimin)  failed  in  condition  3 is  dramatically  seen  here. 

The  simple  loadings  method  can  be  judged  the  best  for  this  condition. 
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TABLE  4.5 


Coded  Summary 

of  Rotated 

Factor 

Loadings 

- Condition  3 

Method 

Frequency  of  Occurence 

Blank 

+ 

++ 

+++ 

++++ 

Varimax 

33 

10 

6 

5 

2 

Maxplane 

38 

2 

8 

4 

4 

Oblimin  (biq) 

11 

3 

20 

16 

6 

Binormamin 

38 

5 

7 

5 

1 

Oblimax 

37 

5 

5 

5 

4 

Simple  Loadings 

40 

5 

5 

3 

3 

Coding  Scheme: 

.000  - .259  Blank 

.260  - .399  + 

.400  - .599  ++ 

.600  - .799  +++ 

.800  - .999  ++++ 
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on  the  basis  cf  its  high  number  (40)  of  low  loadings.  But  maxplane  is 
equally  satisfactory  because  of  its  much  lower  number  (2)  of  moderate 
(+)  loadings. 

Examination  of  the  coded  rotated  loadings  for  all  test  battery 
conditions  (Tables  A-84  through  A-92)  shows  that  binormamin  is  superior 
in  five  of  the  nine  test  batteries  carried  into  rotation,  and  it  fails 
to  come  in  at  least  second  only  in  condition  3.  Oblimax  is  superior 
twice  (conditions  2 and  8) , and  maxplane  and  simple  loadings  are  su- 
perior once  each  in  conditions  1 and  3 respectively. 

Table  4.6  summarizes  these  findings  over  all  rotation  samples. 

The  expected  overall  superiority  of  binormamin  is  apparent;  but  now  the 
relative  merit  of  oblimax,  simple  loadings,  and  maxplane  emerges  more 
clearly.  These  three  are  about  equal  in  the  number  of  low  loadings, 
but  maxplane  has  substantially  fewer  moderate  (+)  loadings,  34  as  com- 
pared to  41  for  oblimax  and  59  for  simple  loadings.  Thus  Table  4.6 
would  confirm  the  binormamin  method  as  best  among  the  six  in  achieving 
simple  structure,  with  maxplane  second. 
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TABLE  4.6 


Coded  Summary- 

of  Rotated 

Factor 

Loadings 

- Nine  Conditions 

Method 

Frequency  of 

Occurence 

Blank 

+ 

++ 

+++ 

++++ 

Varimax 

271 

64 

76 

42 

11 

Maxplane 

307 

34 

58 

41 

24 

Oblimin  (biq) 

278 

59 

60 

48 

19 

Binormamin 

318 

36 

57 

40 

13 

Oblimax 

308 

41 

50 

32 

33 

Simple  Loadings 

308 

59 

46 

34 

17 

Coding  Scheme: 

.000  - .259  Blank 

.260  - .399  + 

.400  - .599  ++ 

.600  - .799  +++ 

.800  - .999  ++++ 


Chapter  V 


CONCLUSIONS 
Purpose  of  the  Study 

The  purpose  of  this  study  was  to  determine  if  there  is  any  dif- 
ference in  the  test  item  dependence  of  several  automatic  machine  rota- 
tion procedures  for  factor  analysis.  The  question  was  generated  as  the 
result  of  several  considerations  which  combined  to  make  it  a necessary 
s tudy . 

Thurstone  (1947)  stated  that  the  factor  composition  of  a test 
should  remain  invariant  when  the  test  is  moved  from  one  battery  to 
another  in  which  the  same  common  factors  exist.  This  would  also  mean 
that  the  test  composition  of  the  common  factors  should  remain  rela- 
tively invariant  under  these  conditions. 

The  standard  error  of  a product -moment  correlation  coefficient 
(1/ /N)  is  used  to  estimate  the  approximate  standard  error  of  rotated 
loadings,  but  there  is  insufficient  information  available  at  the  present 
to  describe  fully  the  sampling  distribution  of  rotated  factor  loadings. 

It  is  known  that  the  automatic  machine  rotation  methods  vary  in 
their  ability  to  resolve  factor  structure.  The  ability  of  these  methods 
to  produce  invariant  solutions,  in  the  sense  considered  by  Thurstone, 
seems  to  be  a valid  consideration  in  exploring  the  influences  on  factor 
loadings.  Previous  research  with  only  one  rotation  method  (Cliff  and 
Pennell,  1967)  isolated  some  major  influences;  the  present  study  using 
several  methods  intends  to  refine  this  area. 
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Studies  using  factor  analysis  as  a tool  and  purporting  to  reveal 
the  structure  of  a domain  are  appearing  with  increasing  frequency  in 
the  literature  as  the  transformation  procedures,  once  so  expensive  and 
time  consuming,  are  rapidly  being  made  available  through  fast  and  easy- 
to-use  computerized  procedures.  This  situation  prompts  an  even  more 
strenuous  search  for  the  influences  affecting  rotated  factor  loadings. 

If  the  method  of  transformation  itself  is  a contaminating  influence, 
this  should  be  known.  Inferences  regarding  domain  structure  should 
be  based  on  a least-variant  solution  if  possible. 

The  purpose  of  this  study  came  sharply  into  focus  when  a search 
of  the  literature  revealed  no  studies  published  assessing  the  test- 
item-  in-rotation  dependence  of  any  oblique  machine  methods.  Only  on 
variinax  has  such  a determination  been  made.  Cliff  and  Pennell  (1967) 
seem  to  say  that  such  determination  should  be  made  for  other  methods. 

The  six  rotation  methods  chosen  to  be  compared  were  selected  for 
various  reasons.  Varimax  was  used  because  it  is  the  only  one  known  to 
the  large  majority  of  users  and  readers  of  factor  analysis,  and 
because  it  is  the  method  of  choice  in  a great  many  studies.  Maxplane 
was  selected  because  of  its  unique,  almost  non-analytic  method  of 
arriving  at  factor  locations,  and  because  of  the  high  promise  held 
out  for  it  by  Cattell  (1966,  p.  188).  Oblimax  was  selected  from 
Harman's  (1967)  potpourri  of  oblique  multiple-factor  methods,  because 
its  function  involving  the  ratio  of  fourth  powers  of  loadings  to  sums 
of  squared  loadings  on  a single  factor  was  developed  early  and  is  still 
somewhat  unique.  The  oblimin  (biquartimin)  procedure  is  based  on  the 
covariance  of  factor  loadings  and  was  the  earliest  to  become  generally 
available.  It  has  proved  satisfactory  for  a wide  range  of  applications. 
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According  to  its  developers,  binormamin  improves  on  oblimin  by  removing 
the  arbitrary  parameter.  Jennrich  and  Sampson's  (1966)  simple  loadings 
method  seemed  worthy  of  selection  because  application  of  the  criterion 
to  the  P instead  of  the  V matrix  seems  to  be  a theoretical  breakthrough 

Significance  of  the  Results 

The  study  has  shown  that  in  a series  of  identical  conditions  of 
test  battery  composition  for  each  method  there  is  a significant  dif- 
ference among  the  six  methods  in  the  stability  of  rotated  factor  load- 
ings and  in  the  stability  of  primary  factor  intercorrelations.  They 
do  not  perform  equally  well.  There  is  also  a substantial  difference 
among  the  methods  in  their  ability  to  achieve  compelling  and  satis- 
fying simple  structure  over  all  the  test  battery  conditions. 

It  may  be  properly  inferred  that  the  orthogonal  varimax  and 
oblique  simple  loadings  procedures  are  relatively  insensitive  to 
changes  in  test  battery  composition,  even  in  situations  where  common- 
i.actor  representation  is  reduced  to  the  absolute  minimum  of  only  two 
weak  tests  on  the  weakest  factor.  This  quality  of  robustness  for 
these  methods  is  particularly  evident  in  the  case  of  stability  of 
factor  loadings.  The  situation  with  respect  to  factor  intercorrel- 
ations is  less  clear  in  that  binormamin  and  perhaps  oblimax  also 
appear  equally  stable  as  simple  loadings.  Examination  of  the  ability 
of  all  these  methods  to  reach  compelling  and  satisfying  simple  structure 
shows  binormamin  to  be  clearly  superior. 

The  conditions  imposed  on  the  batteries  carried  into  rotation 
by  these  methods  in  this  study  were  designed  to  provide  a full  range 
of  test  communal ity  and  factor  strength  variation  that  would  occur  in 
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nature.  Thus,  the  ability  of  a method  to  cope  with  this  aggregate  of 
situations  may  be  generalizable  to  other  problems,  especially  those  in 
which  on  oblique  factor  solution  is  demanded. 

However,  the  specific  conclusions  of  this  study  are  necessarily 
limited  to  these  data.  Just  as  developers  of  rotational  procedures 
who  used  the  Holzinger  and  Harman  data  applied  their  methods  to  other 
data  to  show  general  applicability,  so  must  these  results  be  verified. 
These  six  methods  may  act  quite  differently  with  factor  matrices  of 
fewer  or  more  factors,  more  differing  angular  relations  between  factors, 
higher  or  lower  overall  communal it ies,  and  fewer  or  more  variables  or 
tests . 

The  results  of  this  study  have  two  broad  implications.  First, 
an  investigator  using  the  simple  loadings  method,  for  example,  may 
now  have  a more  secure  and  empirically  based  feeling  that  his  results 
are  perhaps  more  generalizable  to  the  domain  in  question  than  if  he 
had  used  a method  shown  to  be  relatively  more  dependent  in  its  solu- 
tion on  the  test  item  content  of  the  battery  rotated.  Second,  and 
perhaps  more  important  for  the  methodology  of  factor  analysis,  it  can 
be  seen  that  any  consideration  of  the  influences  on  rotated  factor 
loadings  with  the  intent  of  describing  the  sampling  distribution  of 
them  must  take  into  account  the  analytic  machine  procedure  being 
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Table  A - 1 


VAR I MAX 

REFERENCE 

FACTORS  - 20 

TEST  BATTERY 

Factors 

I 

II 

III 

IV 

192 

174 

672 

126 

761 

217 

164 

125 

761 

101 

176 

206 

830 

168 

144 

074 

568 

254 

343 

100 

812 

015 

162 

248 

137 

706 

-039 

230 

172 

607 

104 

345 

029 

682 

252 

080 

207 

583 

416 

027 

214 

167 

052 

494 

124 

073 

157 

490 

116 

090 

431 

409 

136 

191 

093 

632 

018 

262 

355 

514 

384 

098 

460 

227 

184 

372 

430 

228 

390 

040 

402 

336 

390 

197 

555 

184 

353 

442 

222 

320 

3.670 

2.390 

2.190 

2.000 

10.250 


1 

7 

9 

10 

12 

13 

14 

15 

16 

17 

18 

20 

22 

23 
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Table  A - 2 

VARIMAX  REFERENCE  FACTORS  - CONDITION  1 


Factors 


I 

II 

III 

IV 

138 

188 

680 

134 

814 

179 

202 

089 

795 

015 

225 

254 

129 

690 

-047 

276 

001 

683 

234 

122 

167 

595 

413 

064 

204 

140 

067 

505 

107 

048 

168 

494 

079 

077 

439 

411 

121 

154 

103 

643 

-015 

238 

352 

528 

345 

102 

487 

232 

356 

036 

432 

338 

343 

206 

579 

195 

1.910 

1.530 

1.180 

1.760 

6.990 


1 

5 

6 

7 

8 

9 

10 

11 

12 

13 

17 

18 

22 

23 

Sun 
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Table  A - 5 

VAR I MAX  REFERENCE  FACTORS  - CONDITION  2 


Factors 


I 

II 

III 

IV 

208 

162 

667 

142 

769 

215 

156 

080 

774 

101 

161 

163 

835 

166 

136 

024 

577 

249 

338 

075 

828 

015 

143 

203 

150 

710 

-036 

207 

194 

610 

099 

328 

037 

678 

262 

079 

214 

575 

425 

024 

177 

199 

066 

622 

055 

263 

356 

524 

416 

037 

383 

328 

408 

188 

546 

181 

3.440 

1.990 

1.470 

1.060 

7.960 


6 

7 

8 

9 

11 

12 

13 

14 

15 

20 

21 

22 

24 
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Table  A - 4 


VAR I MAX  REFERENCE  FACTORS  - CONDITION  3 


I 

762 

757 

832 

574 

804 

168 

042 

224 

197 

108 

386 

189 

385 

350 


Factors 


II 

III 

IV 

237 

090 

155 

130 

141 

231 

184 

080 

106 

332 

249 

112 

041 

156 

273 

601 

-060 

367 

724 

041 

091 

676 

220 

033 

162 

031 

504 

106 

160 

487 

219 

419 

218 

476 

311 

223 

145 

389 

329 

475 

097 

337 

2.120 

640 

1.130 

3.410 


7.310 


8 

11 

12 

14 

15 

16 

17 

18 

20 

21 

22 

23 

24 
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Table  A - 5 


VAR I MAX 

REFERENCE 

FACTORS  - 

CONDITION  4 

Factors 

I 

II 

III 

IV 

775 

083 

038 

234 

627 

269 

199 

102 

187 

597 

034 

367 

089 

705 

155 

081 

205 

149 

058 

503 

137 

074 

189 

475 

189 

130 

439 

359 

132 

177 

129 

630 

076 

292 

377 

476 

464 

135 

387 

193 

266 

411 

360 

198 

453 

067 

354 

306 

492 

246 

458 

143 

387 

442 

132 

331 

2.040 

1 .540 

1.090 

1.740 

6.420 
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Table  A - 6 

VARIMAX  REFERENCE  FACTORS  - CONDITION  5 


Factors 


Tests 

I 

II 

III 

IV 

5 

771 

190 

118 

157 

6 

758 

080 

168 

230 

8 

595 

272 

284 

078 

11 

189 

609 

060 

342 

12 

083 

714 

134 

041 

14 

189 

169 

122 

491 

15 

101 

102 

242 

454 

16 

119 

165 

483 

315 

20 

401 

155 

459 

156 

21 

218 

433 

388 

152 

22 

392 

090 

438 

273 

24 

369 

455 

191 

304 

Sum  a . . ^ 
ij 

2.130 

1.490 

1 .050 

970 

5.640 
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Table  A - 7 

VARIMAX  REFERENCE  FACTORS  - CONDITION  6 


Factors 


Tests 

I 

II 

III 

IV 

1 

182 

179 

668 

152 

5 

764 

208 

177 

102 

7 

830 

161 

162 

044 

9 

819 

001 

176 

214 

10 

157 

693 

-057 

252 

12 

033 

682 

236 

119 

13 

203 

587 

409 

060 

16 

127 

077 

416 

424 

17 

168 

162 

068 

635 

18 

038 

244 

329 

538 

22 

397 

029 

399 

334 

23 

386 

195 

555 

196 

Sura  a.  ?" 

2.400 

1.520 

1.520 

1.190 

i 3 


6.630 
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Table  A - 8 

VAR I MAX  REFERENCE  FACTORS  - CONDITION  7 


Factors 


Tests 

I 

II 

III 

IV 

6 

758 

150 

093 

239 

8 

591 

270 

288 

098 

11 

143 

648 

126 

266 

14 

180 

239 

048 

478 

15 

106 

136 

157 

481 

20 

419 

118 

420 

232 

21 

210 

382 

431 

181 

24 

343 

483 

211 

276 

Sura  a.  ?" 
ij 

1.330 

990 

540 

760 

3.620 
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Table  A - 9 

VAR I MAX  REFERENCE  FACTORS  - CONDITION  8 


Factors 


Tests 

I 

II 

III 

IV 

1 

162 

063 

170 

689 

7 

813 

192 

035 

210 

9 

818 

030 

203 

189 

10 

105 

699 

258 

067 

13 

151 

514 

077 

514 

17 

166 

154 

636 

082 

18 

025 

175 

550 

353 

23 

366 

116 

207 

586 

Sum  a. ?" 
ij 

1.560 

850 

900 

130 
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Table  A - 10 

MAXPLANE  PRIMARY  FACTORS  - 20  TEST  BATTERY 


Factors 


Tests 

I 

II 

III 

IV 

1 

-009 

018 

780 

-091 

5 

744 

077 

104 

-002 

6 

730 

-075 

086 

128 

7 

838 

034 

086 

-058 

8 

489 

120 

353 

-080 

9 

785 

-186 

045 

204 

10 

077 

692 

-094 

131 

11 

057 

522 

037 

259 

12 

-088 

675 

322 

-136 

13 

076 

534 

519 

-244 

14 

109 

001 

-105 

571 

15 

-012 

-107 

029 

567 

16 

-079 

-109 

394 

376 

17 

-016 

-Oil 

-090 

741 

18 

-195 

072 

286 

504 

20 

240 

-085 

464 

105 

21 

017 

244 

462 

066 

22 

243 

-171 

354 

278 

23 

224 

019 

601 

-003 

24 

234 

306 

164 

217 

Sura  a . . ^ 
1 1 

1.633 

2.112 

2.303 

1.791 

FACTOR  INTERCORRELATIONS 


432 

409 

316 

488 

586 

7.839 


259 


66 


Table  A - 11 


MAXPLANE 

PRIMARY 

FACTORS  - CONDITION 

1 

Factor 

Tests 

I 

II 

III 

IV 

1 

-Oil 

-029 

813 

-100 

7 

873 

062 

-038 

-037 

9 

811 

-198 

083 

155 

10 

039 

918 

-636 

360 

12 

-116 

842 

-155 

076 

13 

066 

643 

142 

-080 

14 

076 

066 

-144 

579 

15 

-046 

-086 

094 

535 

16 

-106 

-130 

495 

335 

17 

-066 

061 

-109 

744 

18 

-243 

120 

254 

522 

20 

242 

-117 

520 

073 

22 

239 

-207 

463 

221 

23 

227 

-001 

591 

■005 

Sum  a. . 
1 1 

1.633 

2.112 

2.303  1. 

791 

FACTOR  INTERCORRELATIONS 


415 

517 

479 

723 

446 

598 

7.839 


c. 


67 


Table  A - 12 

MAXPLANE  PRIMARY  FACTORS  - CONDITION  2 


Factors 


Tests 

I 

II 

III 

IV 

1 

082 

091 

678 

-089 

5 

908 

-053 

-116 

-010 

6 

898 

-226 

-041 

067 

7 

999 

-110 

-120 

-089 

8 

628 

069 

133 

-063 

9 

963 

-365 

-023 

101 

10 

121 

679 

-552 

400 

11 

123 

500 

-334 

469 

12 

-053 

759 

-123 

123 

13 

151 

610 

112 

-053 

17 

056 

-112 

-123 

768 

18 

-134 

069 

207 

561 

22 

365 

-233 

346 

210 

23 

348 

024 

465 

-009 

Sum  a. . 
1 1 

4.288 

1.944 

1.341 

1.381 

FACTOR  INTERCORRELATIONS 


524 

568 

519 

583 

514 

8.954 


612 


5 

6 

7 

8 

9 

11 

12 

13 

14 

15 

20 

21 

22 

24 


68 


Table  A - 13 


MAXPLANE 

PRIMARY 

FACTORS  - CONDITION 

3 

Factors 

I 

II 

III 

IV 

853 

111 

-105 

-017 

793 

-033 

021 

039 

967 

044 

-114 

-084 

439 

219 

242 

-132 

842 

-151 

061 

069 

165 

655 

-431 

452 

-078 

820 

-179 

086 

-013 

695 

169 

-134 

133 

104 

-136 

544 

-109 

024 

170 

458 

013 

070 

648 

-080 

-160 

429 

391 

037 

035 

-019 

589 

070 

257 

442 

-106 

279 

3.349 

2.067 

1.311 

857 

FACTOR  INTERCORRELATIONS 


469 

800 

493 

556 

334 

7.584 


674 


69 


Table  A - 14 


MAXPLANE 

PRIMARY 

FACTORS  - CONDITION 

4 

Factors 

Tests 

I 

II 

III 

IV 

6 

751 

031 

-009 

127 

8 

433 

209 

328 

-129 

11 

091 

543 

-192 

460 

12 

-122 

682 

151 

014 

14 

119 

037 

-129 

594 

15 

-070 

-072 

151 

469 

16 

-257 

-058 

687 

118 

17 

-035 

021 

-054 

727 

18 

-335 

104 

480 

353 

20 

088 

-004 

672 

-122 

21 

-116 

292 

560 

-038 

22 

109 

-090 

568 

052 

23 

043 

104 

815 

-241 

24 

220 

361 

051 

288 

Sum  a.  ?" 

1.056 

1.060 

2.667  1 

.644 

i j 


FACTOR  INTERCORRELATIONS 


205 

692 

426 

414 

329 

6.427 


752 


70 


Table  A - 15 


MAXPLANE 

PRIMARY 

FACTORS  - CONDITION 

5 

Factors 

Tests 

I 

II 

III 

IV 

5 

704 

075 

105 

083 

6 

642 

-056 

167 

121 

8 

422 

187 

405 

-103 

11 

125 

452 

-072 

488 

12 

010 

659 

159 

085 

14 

047 

-024 

-001 

552 

15 

-124 

-074 

216 

418 

16 

-249 

025 

659 

082 

20 

084 

054 

675 

-131 

21 

-049 

335 

548 

-017 

22 

069 

-048 

600 

022 

24 

222 

301 

163 

304 

2 

Sum  a.  . 

1.245 

897 

1.857 

874 

ij 


FACTOR  INTERCORRELATIONS 


032 

597 

362 

119 

196 

4.873 


717 


1 

5 

7 

9 

10 

12 

13 

16 

17 

18 

22 

23 


71 


Table  A - 16 

MAXPLANE  PRIMARY  FACTORS  - CONDITION  6 


Factors 


I 

II 

III 

IV 

030 

064 

651 

032 

770 

115 

-016 

012 

855 

066 

026 

-071 

832 

-224 

-060 

295 

108 

848 

-553 

158 

-072 

859 

-028 

-133 

090 

702 

264 

-246 

-002 

-137 

109 

617 

086 

-058 

-574 

999 

-105 

073 

-155 

774 

309 

-205 

157 

467 

270 

058 

436 

117 

2.229 

2.094 

1.385 

2.400 

FACTOR 

INTERCORRELATIONS 

373 

411 

411 

616 

717 

8.114 


783 


72 


Table  A - 17 

MAXPLANE  PRIMARY  FACTORS  - CONDITION  7 


Factors 


Tests 

I 

II 

III 

IV 

6 

912 

-140 

-132 

094 

8 

655 

148 

152 

-237 

11 

-027 

811 

-148 

041 

14 

109 

008 

-114 

566 

15 

023 

-169 

107 

570 

20 

433 

-175 

439 

-006 

21 

097 

343 

398 

-154 

24 

264 

460 

-004 

038 

Sum  a.  . 

1.541 

1.088 

438 

737 

FACTOR  INTERCORRELATIONS 


637 

585 

586 

719 

777 

686 

3.804 


73 


Table  A - 18 


MAXPLANE 

PRIMARY 

FACTORS  - CONDITION 

8 

Factors 

Tests 

I 

II 

III 

IV 

1 

067 

104 

672 

100 

7 

8S0 

097 

036 

-148 

9 

859 

-155 

-025 

100 

10 

065 

673 

048 

113 

13 

092 

614 

531 

-111 

17 

065 

-095 

-046 

706 

18 

-112 

039 

292 

590 

23 

302 

092 

510 

111 

2 

Sum  a. . 

1.637 

893 

1.085 

926 

ij 


FACTOR  INTERCORRELATIONS 


227 

327 

399 

119 

513 

197 

4.541 


74 


OBLIMIN 

Table  A - 
PRIMARY  FACTORS 

19 

- 20  TEST 

BATTERY 

Tests 

I 

Factors 

II 

III 

IV 

1 

109 

082 

643 

031 

5 

783 

114 

004 

-023 

6 

780 

-022 

022 

080 

7 

874 

062 

-013 

-082 

8 

552 

163 

224 

-040 

9 

840 

-126 

006 

132 

10 

056 

727 

-208 

139 

11 

071 

586 

-062 

262 

12 

-067 

702 

147 

-029 

13 

128 

564 

318 

-114 

14 

142 

089 

-078 

484 

15 

041 

-012 

063 

499 

16 

015 

-012 

368 

386 

17 

029 

102 

-047 

642 

18 

-116 

181 

259 

500 

20 

333 

-014 

383 

140 

21 

091 

310 

340 

137 

22 

336 

-085 

312 

272 

23 

328 

088 

476 

070 

24 

278 

376 

065 

220 

Sum  a.  . 

3.489 

2.053  1 

.396 

1.596 

ij 


FACTOR  INTERCORRELATIONS 


324 

364 

316 

334 

310 

8.543 


304 


75 


Table  A - 20 


OB LI MIN 

PRIMARY 

FACTORS  - CONDITION 

1 

Factors 

Tests 

I 

II 

III 

IV 

1 

054 

113 

660 

033 

7 

822 

107 

080 

-043 

9 

785 

-087 

097 

158 

10 

060 

694 

-209 

210 

12 

-077 

689 

137 

025 

13 

096 

576 

332 

-068 

14 

128 

067 

-066 

509 

15 

023 

-031 

066 

509 

16 

-020 

-012 

371 

388 

17 

016 

067 

-047 

667 

18 

-139 

158 

246 

518 

20 

282 

013 

422 

149 

22 

287 

-065 

351 

279 

23 

271 

120 

514 

085 

Sum  a. . 
1 1 

1.586 

1.374 

1.394  1, 

.566 

FACTOR  INTERCORRELATIONS 


208 

266 

319 

275 

307 

5.920 


347 


* 1 

X 

5 

6 

7 

8 

9 

10 

11 

12 

13 

17 

18 

22 

23 


76 


Table  A - 21 


OBLIMIN 

PRIMARY 

FACTORS  - CONDITION 

2 

Factors 

I 

II 

III 

IV 

143 

077 

629 

067 

788 

118 

000 

-045 

796 

-Oil 

018 

053 

871 

064 

-018 

-105 

564 

161 

217 

-040 

860 

-111 

001 

099 

074 

731 

-189 

116 

109 

597 

-046 

241 

-054 

692 

156 

-015 

138 

550 

317 

-091 

104 

138 

-034 

601 

-044 

203 

264 

491 

382 

-070 

305 

266 

361 

088 

464 

087 

3.420 

1.808 

985 

792 

FACTOR  INTERCORRELATIONS 


286 

281 

269 

287 

247 

7.005 


185 


5 

6 

7 

8 

9 

11 

12 

13 

14 

15 

20 

21 

22 

24 


77 


Table  A - 22 

OBLIMIN  PRIMARY  FACTORS  - CONDITION  3 


Factors 


I 

II 

III 

IV 

673 

-377 

-758 

474 

665 

-415 

-576 

411 

656 

-488 

-828 

482 

666 

-277 

127 

-409 

669 

-485 

-586 

475 

573 

489 

-907 

977 

487 

443 

-148 

-054 

612 

160 

413 

-746 

445 

245 

-568 

928 

410 

209 

091 

309 

616 

-214 

988 

-999 

605 

140 

724 

-773 

612 

-177 

796 

-704 

658 

186 

-435 

434 

4.978 

1.560 

5 .621 

5.958 

FACTOR  INTERCORRELATIONS 

-047 

005 

035 

450 

-527 

969 


8 

11 

12 

14 

15 

16 

17 

18 

20 

21 

22 

23 

24 


78 


Table  A - 23 


OBLIMIN 

PRIMARY 

FACTORS  - CONDITION 

4 

Factors 

I 

II 

III 

IV 

818 

-064 

-212 

071 

681 

166 

-016 

-075 

044 

570 

-163 

291 

012 

737 

017 

-036 

086 

047 

-105 

514 

041 

-035 

057 

510 

156 

009 

306 

352 

-026 

061 

-042 

677 

-032 

192 

229 

491 

509 

006 

214 

090 

244 

343 

197 

102 

470 

-082 

173 

236 

550 

125 

270 

007 

314 

364 

-088 

224 

2.111 

1.210 

429  1. 

569 

FACTOR  INTERCORRELATIONS 


376 

221 

504 

264 

397 

4.890 


236 


5 

6 

8 

11 

12 

14 

15 

16 

20 

21 

22 

24 


79 


Table  A - 24 


OBLIMIN 

PRIMARY 

FACTORS  - CONDITION 

5 

Factors 

I 

II 

III 

IV 

825 

057 

-074 

-013 

806 

-074 

-020 

085 

611 

166 

141 

-085 

071 

595 

-122 

263 

-018 

752 

029 

-073 

095 

088 

-034 

490 

-001 

019 

126 

471 

013 

076 

403 

289 

371 

041 

362 

051 

130 

383 

286 

051 

349 

-039 

323 

197 

292 

387 

012 

198 

1.600 

1.270 

538 

718 

FACTOR  INTERCORRELATIONS 


376 

355 

444 

307 

350 

4.126 


345 


1 

5 

7 

9 

10 

12 

13 

16 

17 

18 

22 

23 


80 


Table  A - 25 

OB LI MIN  PRIMARY  FACTORS  - CONDITION  6 


Factors 


I 

II 

III 

IV 

109 

107 

578 

196 

778 

126 

020 

-015 

861 

078 

016 

-082 

840 

-110 

-006 

127 

094 

694 

-209 

132 

-047 

687 

141 

049 

133 

566 

313 

-002 

047 

-006 

262 

478 

091 

080 

-159 

639 

-065 

170 

142 

577 

352 

-071 

238 

345 

331 

109 

423 

194 

2.341 

1.372 

846 

1.208 

FACTOR  INTERCORRELATIONS 


239 

248 

321 

183 

308 

5.767 


228 


81 


Table  A - 26 


OBLIMIN 

PRIMARY 

FACTORS  - CONDITION 

7 

Factors 

Tests 

I 

II 

III 

IV 

6 

816 

-025 

-102 

087 

8 

605 

145 

148 

-075 

11 

000 

651 

-006 

145 

14 

078 

143 

-082 

469 

15 

-004 

024 

062 

502 

20 

385 

-038 

322 

138 

21 

104 

311 

353 

069 

24 

252 

411 

063 

144 

Sum  a. 
ij 

1.261 

734 

275 

571 

FACTOR  INTERCORRELATIONS 


440 

383 

465 

332 

450 

323 

2.841 


82 


Table  A - 27 

OBLIMIN  PRIMARY  FACTORS  - CONDITION  8 


Factors 


Tests 

I 

II 

III 

IV 

1 

078 

-036 

689 

082 

7 

815 

114 

096 

-070 

9 

818 

-067 

073 

123 

10 

039 

695 

-045 

182 

13 

065 

463 

464 

-040 

17 

103 

086 

-017 

628 

18 

-067 

096 

296 

518 

23 

297 

011 

543 

110 

Sum  a. . 
ij 

1.448 

733 

1.089 

736 

FACTOR  INTERCORRELATIONS 


195 

271 

216 

263 

231 

261 

4.006 


83 


Table  A - 28 

BINORMAMIN  PRIMARY  FACTORS  - 20  TESTS 
Factors 


Tests 

I 

II 

III 

IV 

1 

-044 

-005 

794 

-077 

5 

772 

110 

044 

-055 

6 

761 

-042 

067 

063 

7 

873 

059 

027 

-113 

8 

493 

134 

302 

-105 

9 

823 

-152 

051 

127 

10 

061 

780 

-250 

122 

11 

038 

605 

-069 

240 

12 

-125 

717 

178 

-107 

13 

042 

552 

396 

-219 

14 

112 

073 

-086 

515 

15 

-016 

-052 

082 

518 

16 

-101 

-086 

453 

351 

17 

-021 

075 

-052 

679 

18 

-225 

125 

314 

478 

20 

231 

-080 

487 

080 

21 

-Oil 

268 

422 

065 

22 

241 

-153 

401 

236 

23 

207 

018 

600 

-015 

24 

226 

368 

096 

186 

Sum  a. ?" 
1 1 

3.162 

2.126 

2.253 

1.742 

FACTOR  INTERCORRELATIONS 


523 

454 

515 

467 

535 

9.283 


365 


1 

7 

9 

10 

12 

13 

14 

15 

16 

17 

18 

20 

22 

23 


84 


Table  A - 29 


BINORMAMIN 

PRIMARY 

FACTORS  - 

CONDITION  1 

Factors 

I 

II 

III 

IV 

-033 

046 

764 

-082 

849 

101 

045 

-105 

798 

-110 

079 

116 

075 

740 

-260 

187 

-104 

704 

145 

-049 

057 

568 

363 

-175 

113 

058 

-070 

519 

-012 

-058 

092 

511 

-092 

-067 

446 

339 

-014 

051 

-037 

682 

-208 

120 

305 

483 

229 

-037 

481 

071 

237 

-117 

404 

221 

208 

066 

584 

-017 

1.595 

1.458 

1.855 

1.497 

FACTOR  INTERCORRELATIONS 


% 


280 

474 

422 

454 

417 

6.385 


515 


1 

5 

6 

7 

8 

9 

10 

11 

12 

13 

17 

18 

22 

23 


85 


Table  A - 30 


BINORMAMIN 

PRIMARY 

FACTORS  - 

CONDITION  2 

Factors 

I 

II 

III 

IV 

-055 

-027 

763 

016 

773 

123 

054 

-078 

768 

-035 

070 

042 

869 

081 

041 

-144 

488 

138 

299 

-088 

833 

-147 

053 

101 

091 

765 

-243 

109 

072 

578 

-075 

248 

-119 

704 

174 

-069 

035 

546 

390 

-167 

035 

021 

-079 

690 

-186 

071 

278 

536 

255 

-178 

377 

276 

203 

002 

578 

047 

3.048 

1.815 

1.491 

995 

FACTOR  INTERCORRELATIONS 


334 

509 

436 

496 

506 

7.349 


485 


5 

6 

7 

8 

9 

11 

12 

13 

14 

15 

20 

21 

22 

24 


86 


Table  A - 31 


BINORMAMIN 

PRIMARY 

FACTORS  - 

CONDITION  3 

Factors 

I 

II 

III 

IV 

786 

071 

023 

-034 

737 

-081 

106 

057 

895 

010 

013 

-097 

436 

178 

300 

-125 

785 

-203 

126 

108 

089 

591 

-226 

346 

-093 

786 

-015 

-027 

009 

661 

270 

-197 

078 

032 

-062 

546 

-115 

-047 

164 

503 

070 

016 

589 

-001 

-119 

373 

410 

042 

076 

-083 

529 

158 

212 

377 

027 

233 

2.874 

1.780 

1.068 

833 

FACTOR  INTERCORRELATIONS 


431 

716 

520 

529 

465 

6.555 


627 


8 

11 

12 

14 

15 

16 

17 

18 

20 

21 

22 

23 

24 

Sui 


87 


Table  A - 32 

BINORMAMIN  PRIMARY  FACTORS  - CONDITION  4 


Factors 


I 

II 

III 

IV 

800 

-072 

-009 

101 

530 

157 

234 

-144 

094 

613 

-184 

288 

-068 

784 

052 

-126 

118 

032 

-065 

532 

-033 

-078 

171 

465 

-132 

-064 

589 

183 

-026 

031 

Oil 

667 

-243 

142 

419 

348 

225 

-051 

548 

-057 

001 

320 

431 

-052 

227 

-146 

484 

114 

207 

070 

646 

-180 

268 

375 

023 

188 

1.243 

1.324 

1.786 

1.315 

FACTOR  INTERCORRELATIONS 


405 

636 

444 

597 

513 

5.668 


664 


88 


Table  A - 33 


B1N0RMAMIN  PRIMARY  FACTORS  - CONDITION  5 


Factors 


Tests 

I 

II 

III 

IV 

5 

827 

022 

-035 

005 

6 

791 

-127 

037 

095 

8 

534 

137 

260 

-157 

11 

063 

587 

-168 

322 

12 

-069 

781 

050 

-105 

14 

071 

029 

-047 

545 

15 

-079 

-046 

176 

464 

16 

-165 

010 

581 

157 

20 

216 

-012 

555 

-088 

21 

-009 

358 

429 

-063 

22 

205 

-108 

495 

087 

24 

244 

358 

044 

201 

? 

Siam  a.  . 

1.790 

1.261 

1.211 

745 

ij 


FACTOR  INTERCORRELATIONS 


451 

638 

508 

522 

486 

5.007 


692 


1 

5 

7 

9 

10 

12 

13 

16 

17 

18 

22 

23 


89 


Table  A - 34 


BINORMAMIN 

PRIMARY  FACTORS  - CONDIT 

ION  6 

Factors 

I 

II 

III 

IV 

-021 

039 

737 

-028 

764 

110 

067 

-051 

856 

065 

059 

-117 

822 

-150 

069 

110 

094 

723 

-254 

178 

-099 

699 

151 

-031 

058 

559 

369 

-148 

-054 

-081 

396 

379 

043 

026 

-092 

694 

-161 

106 

251 

519 

269 

-140 

368 

249 

226 

048 

562 

021 

2.169 

1.405 

1.459 

1.041 

FACTOR  INTERCORRELATIONS 

308 

458 

402 

430 

441 

6.074 


508 


90 


Table  A - 35 

BINORMAMIN  PRIMARY  FACTORS  - CONDITION  7 


Factors 


Tests 

I 

II 

III 

IV 

6 

844 

-000 

-064 

030 

8 

483 

102 

326 

-178 

11 

-005 

711 

002 

025 

14 

105 

148 

-124 

478 

15 

-070 

-045 

100 

537 

20 

147 

-193 

583 

100 

21 

-139 

190 

604 

-021 

24 

189 

414 

145 

045 

Sum  a. . 
n 

1.038 

785 

861 

563 

FACTOR  INTERCORRELATIONS 


484 

741 

559 

683 

646 

635 

3.247 


91 


Table  A - 36 

BINORMAMIN  PRIMARY  FACTORS  - CONDITION  S 


Factors 


Tests 

I 

II 

III 

IV 

1 

-013 

-097 

760 

045 

7 

824 

118 

062 

-117 

9 

828 

-103 

047 

123 

10 

009 

765 

-134 

087 

13 

-010 

492 

463 

-153 

17 

072 

033 

-062 

663 

18 

-140 

037 

296 

523 

23 

227 

-038 

582 

073 

2 

Sum  a . . 

1.441 

865 

1.246 

780 

ij 


FACTOR  INTERCORRELATIONS 


323 

445 

328 

481 

493 

437 

4.332 


1 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

21 

22 

23 

24 


92 


Table  A - 37 


OBLIMAX  PRIMARY  FACTORS  - 20  TESTS 


Factors 


I 

11 

III 

IV 

-141 

-132 

972 

-118 

825 

116 

-042 

-069 

816 

-041 

-020 

054 

937 

064 

-060 

-133 

492 

096 

307 

-130 

888 

-151 

-048 

121 

073 

873 

-396 

156 

033 

665 

-181 

272 

-178 

725 

185 

-108 

-018 

512 

460 

-244 

133 

120 

-210 

558 

-022 

-040 

018 

554 

-157 

-143 

504 

358 

-013 

123 

-181 

735 

-280 

107 

313 

506 

196 

-152 

549 

060 

-069 

222 

474 

056 

219 

-208 

425 

231 

152 

-071 

695 

-045 

223 

388 

024 

200 

3.599 

2.383 

3.102 

1.885 

FACTOR  INTERCORRELATIONS 


674 

536 

668 

504 

670 

10.969 


453 


1 

7 

9 

10 

12 

13 

14 

15 

16 

17 

18 

20 

22 

23 

Suj 


93 


Table  A - 38 

OB  UMAX  PRIMARY  FACTORS  - CONDITION  1 


Factors 


I 

II 

III 

IV 

-105 

-056 

907 

-149 

892 

127 

-009 

-116 

830 

-061 

-021 

107 

129 

750 

-336 

307 

-100 

639 

205 

006 

044 

482 

466 

-166 

132 

112 

-211 

592 

-020 

-024 

-010 

558 

-138 

-093 

446 

337 

-004 

109 

-198 

772 

-240 

106 

266 

530 

196 

-075 

515 

034 

210 

-128 

389 

201 

167 

002 

659 

-061 

1.729 

1.293 

2.399 

1.867 

FACTOR  INTERCORRELATIONS 


185 

596 

504 

459 

291 

7.288 


688 


1 

5 

6 

7 

8 

9 

10 

11 

12 

13 

17 

18 

22 

23 


94 


Table  A - 39 


OB  UMAX 

PRIMARY 

FACTORS  - CONDITION 

2 

Factors 

I 

II 

III 

IV 

-148 

-194 

939 

-006 

814 

132 

-045 

-058 

807 

-012 

-016 

050 

919 

081 

-070 

-119 

482 

080 

291 

-079 

879 

-110 

-041 

104 

107 

878 

-360 

121 

068 

674 

-144 

243 

-160 

677 

185 

-059 

-015 

450 

439 

-156 

031 

185 

-116 

644 

-244 

117 

349 

489 

224 

-200 

430 

248 

147 

-106 

675 

032 

3.359 

2.065 

2.121 

855 

FACTOR  INTERCORRELATIONS 


389 

650 

430 

668 

350 

8.400 


483 


i e 

5 

6 

7 

8 

9 

11 

12 

13 

14 

15 

20 

21 

22 

24 


95 


Table  A - 40 


OBLIMAX 

PRIMARY 

FACTORS  - CONDITION 

3 

Factors 

I 

II 

III 

IV 

845 

086 

-069 

-035 

777 

-090 

066 

050 

971 

025 

-098 

-095 

448 

158 

260 

-115 

823 

-224 

109 

097 

076 

662 

-266 

328 

-107 

844 

-099 

-018 

-007 

674 

203 

-176 

035 

037 

026 

511 

-191 

-081 

311 

473 

013 

-062 

677 

001 

-180 

341 

460 

046 

012 

-163 

650 

150 

196 

401 

016 

221 

3.265 

2.012 

1.410 

733 

FACTOR  INTERCORRELATIONS 


506 

795 

520 

675 

451 

7.420 


560 


8 

11 

12 

14 

15 

16 

17 

18 

20 

21 

22 

23 

24 


96 


Table  A - 41 

OBLIMAX  PRIMARY  FACTORS  - CONDITION  4 


Factors 


I 

II 

III 

IV 

785 

-155 

067 

124 

445 

133 

342 

-163 

079 

619 

-238 

314 

-167 

852 

066 

-161 

170 

-028 

-138 

599 

-003 

-130 

115 

523 

-184 

-084 

610 

198 

033 

-030 

-091 

750 

-272 

130 

383 

381 

139 

-076 

642 

-068 

-096 

339 

485 

-071 

177 

-194 

546 

128 

084 

065 

767 

-210 

232 

357 

027 

206 

1.107 

1.466 

2.276 

1.658 

FACTOR  INTERCORRELATIONS 


513 

673 

425 

660 

619 

6.507 


733 


5 

6 

8 

11 

12 

14 

15 

16 

20 

21 

22 

24 


97 


Table  A - 42 


OB  UMAX 

PRIMARY 

FACTORS  - CONDITION 

5 

Factors 

I 

II 

III 

IV 

945 

-016 

-152 

-006 

906 

-194 

-034 

079 

538 

147 

182 

-151 

066 

584 

-158 

287 

-161 

871 

-000 

-106 

110 

-061 

060 

501 

-100 

-125 

322 

432 

-290 

-012 

722 

153 

138 

-015 

586 

-078 

-125 

396 

457 

-059 

153 

-148 

564 

084 

246 

344 

044 

178 

2.258 

1.476 

1.583 

632 

FACTOR  INTERCORRELATIONS 


595 

789 

475 

622 

582 

5.949 


579 


1 

5 

7 

9 

10 

12 

13 

16 

17 

18 

22 

23 


98 


Table  A - 43 

OB  UMAX  PRIMARY  FACTORS  - CONDITION  6 


Factors 


I 

II 

III 

IV 

-076 

-137 

938 

-144 

781 

129 

003 

-022 

874 

078 

004 

-094 

842 

-092 

-037 

136 

130 

821 

-418 

308 

-105 

647 

180 

-000 

035 

443 

477 

-170 

-074 

-093 

394 

351 

073 

199 

-333 

794 

-167 

149 

173 

543 

255 

-154 

361 

221 

192 

-062 

671 

-049 

2.258 

1.437 

2.193 

1.352 

FACTOR  INTERCORRELATIONS 

269 

564 

429 

564 

293 

7.240 


701 


99 


Table  A - 44 

OBLIMAX  PRIMARY  FACTORS  - CONDITION  7 


Factors 


Tests 

I 

II 

III 

IV 

6 

942 

-053 

-134 

035 

8 

439 

064 

323 

-147 

11 

-074 

827 

-083 

012 

14 

165 

163 

-105 

420 

15 

-051 

-070 

216 

478 

20 

069 

-285 

741 

106 

21 

-297 

183 

719 

-009 

24 

141 

456 

117 

039 

Sura  a. ?" 
11 

1.228 

1.045 

1.267 

441 

FACTOR  INTERCORRELATIONS 


649 

845 

443 

794 

609 

3.981 


504 


100 


Table  A - 45 


OBLIMAX 

PRIMARY 

FACTORS  - CONDITION 

8 

Factors 

Tests 

I 

II 

III 

IV 

1 

-052 

-174 

853 

005 

7 

839 

119 

005 

-098 

9 

844 

-088 

Oil 

121 

10 

026 

831 

-258 

132 

13 

-030 

457 

449 

-140 

17 

085 

111 

-097 

645 

18 

-151 

061 

315 

492 

23 

202 

-088 

633 

047 

Sum  a.  ? 

1.491 

975 

1.505 

722 

FACTOR  INTERCORRELATIONS 


355 

526 

309 

629 

401 

4.693 


467 


Te 

1 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

21 

22 

23 

24 

Sun 


101 


Table  A 

- 46 

SIMPLE 

LOADINGS  PRIMARY 

FACTORS  - 

- 20  TESTS 

Factors 

I 

II 

III 

IV 

079 

097 

644 

034 

797 

109 

-014 

-036 

791 

-032 

002 

073 

891 

056 

-031 

-098 

552 

166 

212 

-050 

851 

-140 

-015 

128 

059 

725 

-219 

126 

065 

582 

-074 

257 

-078 

716 

146 

-043 

115 

582 

316 

-129 

135 

070 

-095 

495 

025 

-029 

050 

515 

-012 

-016 

360 

401 

014 

079 

-065 

660 

-145 

173 

249 

516 

317 

-013 

374 

143 

071 

316 

334 

136 

319 

-091 

300 

280 

308 

095 

469 

070 

271 

372 

051 

216 

3.532 

1.235 

1.407 

1.678 

FACTOR  INTERCORRELATIONS 


382 

417 

314 

394 

345 

7.852 


333 


i e 

1 

7 

9 

10 

12 

13 

14 

15 

16 

17 

18 

20 

22 

23 

Sun 


102 


Table  A - 47 

SIMPLE  LOADINGS  PRIMARY  FACTORS  - CONDITION  1 


Factors 


I 

II 

III 

IV 

060 

137 

640 

033 

860 

115 

006 

-090 

818 

-086 

026 

124 

069 

697 

-246 

184 

-072 

706 

114 

005 

109 

600 

29S 

-093 

132 

056 

-096 

510 

022 

-039 

047 

520 

-021 

-008 

354 

401 

014 

054 

-074 

677 

-145 

159 

230 

532 

296 

025 

386 

141 

299 

-059 

314 

275 

286 

139 

475 

073 

1.733 

1.440 

1.241 

1.691 

FACTOR  1NTERC 

ORRELATIONS 

243 

345 

395 

284 

367 

6.105 


364 


1 

5 

6 

7 

8 

9 

10 

11 

12 

13 

17 

18 

22 

23 


103 


Table  A 

- 48 

SIMPLE  : 

LOADINGS  PRIMARY 

FACTORS  - 

CONDITION 

Factors 

I 

II 

III 

IV 

061 

055 

653 

081 

795 

114 

-007 

-042 

795 

-028 

004 

064 

885 

066 

-026 

-105 

542 

154 

221 

-036 

859 

-133 

-016 

113 

087 

720 

-199 

120 

096 

568 

-057 

256 

-076 

692 

169 

-017 

103 

553 

338 

-094 

069 

068 

-065 

642 

-110 

142 

254 

528 

330 

-111 

301 

291 

299 

065 

477 

101 

3.331 

1.729 

1.049 

912 

FACTOR  INTERCORRELATIONS 

302 

402 

360 

319 

375 

7.021 


292 


104 


Table  A - 49 

SIMPLE  LOADINGS  PRIMARY  FACTORS  - CONDITION  3 


Factors 


Tests 

I 

II 

III 

IV 

5 

807 

083 

-030 

-028 

6 

780 

-049 

027 

078 

7 

910 

021 

-037 

-092 

8 

529 

229 

162 

-045 

9 

834 

-164 

042 

130 

11 

063 

559 

-188 

291 

12 

-074 

771 

-040 

-014 

13 

099 

692 

146 

-111 

14 

091 

042 

-066 

513 

15 

-046 

-000 

093 

526 

20 

240 

118 

367 

141 

21 

010 

440 

246 

149 

22 

235 

015 

327 

280 

24 

248 

389 

-020 

239 

Sum  a . . ^ 
il 

3.267 

1.836 

405 

949 

FACTOR  INTERCORRELATIONS 


404 

429 

486 

238 

408 

6.457 


266 


8 

11 

12 

14 

15 

16 

17 

18 

20 

21 

22 

23 

24 


105 


Table  A 

- 50 

SIMPLE 

LOADINGS  PRIMARY 

FACTORS  - 

CONDITION 

Factors 

I 

II 

III 

IV 

839 

-081 

-203 

065 

680 

170 

-002 

-091 

035 

567 

-148 

273 

-012 

756 

039 

-066 

086 

031 

-106 

521 

030 

-042 

053 

520 

125 

023 

307 

357 

-035 

046 

-046 

687 

-065 

203 

232 

493 

491 

019 

221 

086 

215 

362 

210 

088 

456 

-076 

176 

238 

525 

146 

282 

-003 

307 

362 

-075 

210 

2.062 

1.265 

435 

1.592 

FACTOR  INTERCORRELATIONS 

412 

263 

526 

211 

454 

5.357 


257 


5 

6 

8 

11 

12 

14 

15 

16 

20 

21 

22 

24 


106 


Table 

A - 51 

SIMPLE 

LOADINGS  PRIMARY 

FACTORS  - 

CONDITION 

Factors 

I 

II 

III 

IV 

840 

031 

-082 

-017 

819 

-104 

-034 

089 

613 

167 

137 

-089 

051 

576 

-140 

272 

-037 

771 

030 

-082 

078 

052 

-065 

520 

-024 

-002 

096 

504 

-016 

085 

379 

317 

359 

053 

349 

063 

108 

401 

276 

058 

335 

-040 

303 

218 

279 

373 

-005 

208 

2.094 

1.280 

494 

820 

FACTOR  INTERCORRELATIONS 

425 

375 

506 

261 

433 

4.688 


384 


Te 

1 

JL 

5 

7 

9 

10 

12 

13 

16 

17 

18 

22 

23 


107 


Table  A - 52 

SIMPLE  LOADINGS  PRIMARY  FACTORS  - CONDITION  6 


Factors 


I 

II 

III 

IV 

081 

126 

607 

097 

789 

116 

002 

-034 

877 

068 

-002 

-102 

851 

-132 

-006 

114 

090 

688 

-250 

164 

-062 

703 

115 

023 

118 

588 

297 

-061 

020 

-016 

296 

438 

072 

044 

-142 

672 

-096 

155 

167 

561 

337 

-082 

263 

303 

312 

116 

441 

117 

2.374 

1.411 

932 

1.129 

FACTOR  INTERCORRELATIONS 


286 

336 

376 

249 

371 

5.846 


351 


108 


Table  A - 53 


SIMPLE 

LOADINGS  PRIMARY 

FACTORS  - 

CONDITION 

Factors 

Tests 

I 

II 

III 

IV 

6 

824 

-035 

-078 

073 

8 

570 

174 

165 

-089 

11 

-019 

708 

-033 

062 

14 

074 

118 

-093 

468 

15 

-031 

-010 

055 

539 

20 

320 

-040 

340 

189 

21 

029 

351 

349 

073 

24 

223 

447 

054 

100 

Sum  a . . ^ 

1.164 

871 

286 

578 

FACTOR  INTERCORRELATIONS 

501 

448 

514 

359 

615 

2.899 


293 


109 


Table  A - 54 


SIMPLE 

LOADINGS  PRIMARY 

FACTORS  - 

CONDITION 

Factors 

Tests 

I 

II 

III 

IV 

1 

034 

-039 

702 

071 

7 

833 

115 

043 

-094 

9 

836 

-084 

020 

120 

10 

035 

714 

-097 

142 

13 

035 

487 

448 

-085 

17 

095 

055 

-059 

646 

18 

-099 

075 

279 

525 

23 

268 

006 

534 

097 

Sum  a. ?" 

1.487 

777 

1.072 

758 

FACTOR  INTERCORRELATIONS 

257 

391 

283 

340 

366 

4.094 


350 


110 


Table  A - 55 

VARIMAX  ROTATION  - FACTOR  I 


Conditions 


Tests 

All 

1 

2 

3 

4 

5 

6 

7 

8 

1 

192 

138 

208 

182 

162 

5 

761 

769 

762 

771 

764 

6 

761 

774 

757 

775 

758 

758 

7 

830 

814 

835 

832 

830 

813 

8 

568 

577 

574 

627 

595 

591 

9 

812 

795 

828 

804 

819 

818 

10 

137 

129 

150 

157 

105 

11 

172 

194 

168 

187 

189 

143 

12 

029 

001 

037 

042 

089 

083 

033 

13 

207 

167 

214 

224 

203 

151 

14 

214 

204 

197 

205 

189 

180 

15 

124 

107 

108 

137 

101 

106 

16 

116 

079 

189 

119 

127 

17 

136 

121 

177 

132 

168 

166 

18 

018 

-015 

055 

076 

038 

025 

20 

384 

345 

386 

464 

401 

419 

21 

184 

189 

266 

218 

210 

22 

390 

356 

416 

385 

453 

392 

397 

23 

390 

343 

408 

492 

386 

366 

24 

353 

350 

387 

369 

343 

Ill 


Table  A - 56 

VARIMAX  ROTATION  - FACTOR  II 


Conditions 


Tests 

All 

1 

2 

3 

4 

5 

6 

7 

8 

1 

174 

188 

162 

179 

063 

5 

217 

215 

237 

190 

208 

6 

101 

101 

130 

083 

080 

150 

7 

168 

179 

166 

184 

161 

192 

8 

254 

249 

332 

269 

272 

270 

9 

015 

015 

015 

041 

001 

030 

10 

706 

690 

710 

693 

699 

11 

607 

610 

601 

597 

609 

648 

12 

682 

683 

678 

724 

705 

714 

682 

13 

583 

595 

575 

676 

587 

514 

14 

167 

140 

162 

149 

169 

239 

15 

073 

048 

106 

074 

102 

136 

16 

090 

077 

130 

165 

077 

17 

191 

154 

199 

177 

162 

154 

18 

262 

238 

263 

292 

244 

175 

20 

098 

102 

219 

135 

155 

118 

21 

04 

ro 

476 

411 

433 

382 

22 

040 

036 

037 

145 

067 

090 

029 

23 

197 

206 

188 

246 

195 

116 

24 

442 

475 

442 

455 

483 

112 


Table  A - 57 

VARIMAX  ROTATION  - FACTOR  III 


Conditions 


Tests 

All 

1 

2 

3 

4 

5 

6 

7 

8 

1 

672 

680 

667 

668 

170 

5 

164 

156 

090 

118 

177 

6 

176 

161 

141 

038 

168 

093 

7 

144 

202 

136 

080 

162 

035 

8 

343 

338 

249 

199 

284 

288 

9 

162 

225 

143 

156 

176 

203 

10 

-039 

-047 

-036 

-057 

258 

11 

104 

099 

-060 

034 

060 

126 

12 

252 

234 

262 

041 

155 

134 

236 

13 

416 

413 

425 

220 

409 

077 

14 

052 

067 

031 

058 

122 

048 

15 

157 

168 

160 

189 

242 

157 

16 

431 

439 

439 

483 

416 

17 

093 

103 

066 

129 

068 

636 

18 

355 

352 

336 

377 

329 

550 

20 

460 

487 

419 

387 

459 

420 

21 

430 

311 

360 

388 

431 

22 

402 

432 

383 

389 

354 

438 

399 

23 

555 

579 

546 

458 

555 

207 

24 

222 

097 

132 

191 

211 

113 


Table  A - 58 

VARIMAX  ROTATION  - FACTOR  IV 


Conditions 


Tests 

All 

1 

2 

3 

4 

5 

6 

7 

8 

1 

126 

134 

142 

152 

689 

5 

125 

080 

155 

157 

102 

6 

206 

163 

231 

234 

230 

239 

7 

074 

089 

024 

106 

044 

210 

8 

100 

075 

112 

102 

078 

098 

9 

248 

254 

203 

273 

214 

189 

10 

230 

276 

207 

252 

067 

11 

345 

328 

367 

367 

342 

266 

12 

080 

122 

079 

091 

081 

041 

119 

13 

027 

064 

024 

033 

060 

514 

14 

494 

505 

504 

503 

491 

478 

15 

490 

494 

487 

475 

454 

481 

16 

409 

411 

359 

315 

424 

17 

632 

643 

622 

630 

635 

082 

18 

514 

528 

524 

476 

538 

353 

20 

227 

232 

218 

193 

156 

232 

21 

228 

223 

198 

152 

181 

22 

336 

338 

328 

329 

306 

273 

334 

23 

184 

195 

181 

143 

196 

586 

24 

320 

337 

331 

504 

276 

114 


Table  A - 59 

MAXPLANE  ROTATION  - FACTOR  I 


Conditions 


Tests 

All 

1 

2 

3 

4 

5 

6 

7 

8 

1 

-009 

-Oil 

082 

030 

067 

5 

744 

908 

853 

704 

770 

6 

730 

898 

793 

751 

642 

912 

7 

838 

873 

999 

967 

855 

880 

8 

489 

628 

439 

433 

422 

655 

9 

785 

811 

963 

842 

832 

859 

10 

077 

039 

121 

108 

065 

11 

057 

123 

165 

091 

125 

-027 

12 

-088 

-116 

-053 

-078 

-122 

010 

-072 

13 

076 

066 

151 

-013 

090 

092 

14 

109 

076 

133 

119 

047 

109 

15 

-012 

-046 

-109 

-070 

-124 

023 

16 

-079 

-106 

-257 

-249 

-002 

17 

-016 

-066 

056 

-035 

086 

065 

18 

-195 

-243 

-134 

-335 

-105 

-112 

20 

240 

242 

013 

088 

084 

433 

21 

017 

-160 

-116 

-049 

097 

22 

243 

239 

365 

035 

109 

069 

309 

23 

224 

227 

34S 

043 

270 

302 

24 

234 

257 

220 

222 

264 

1 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

21 

22 

23 

24 


115 

Table  A - 60 

MAXPLANE  ROTATION  - FACTOR  II 


Conditions 


All 

1 

2 

3 

4 

5 

6 

7 

8 

018 

-029 

091 

064 

104 

077 

-053 

111 

075 

115 

-075 

-226 

-033 

031 

-056 

-140 

034 

062 

-110 

044 

066 

097 

120 

069 

219 

209 

187 

148 

-186 

-198 

-365 

-151 

-224 

-155 

692 

918 

679 

848 

673 

522 

500 

655 

543 

452 

811 

675 

842 

759 

820 

682 

659 

859 

534 

643 

610 

695 

702 

614 

001 

066 

104 

037 

-024 

008 

-107 

-086 

024 

-072 

-074 

-169 

-109 

-130 

-058 

025 

-137 

-Oil 

061 

-112 

021 

-058 

-095 

072 

120 

069 

104 

073 

039 

-085 

-117 

070 

-004 

054 

-175 

244 

429 

292 

335 

343 

-171 

-207 

-233 

-019 

-090 

-048 

-205 

019 

-001 

024 

104 

058 

092 

306 

442 

361 

301 

460 

116 


Table  A - 61 

MAXPLANE  ROTATION  - FACTOR  III 


Conditions 


Tests 

All 

1 

2 

3 

4 

5 

6 

7 

8 

1 

780 

813 

678 

651 

672 

5 

104 

-116 

-105 

105 

-016 

6 

086 

-041 

021 

-009 

167 

-132 

7 

086 

-038 

-120 

-114 

026 

036 

8 

353 

133 

242 

328 

405 

152 

9 

045 

083 

-023 

061 

-060 

-025 

10 

-094 

-636 

-552 

-553 

048 

11 

037 

-334 

-431 

-192 

-072 

-148 

12 

322 

-155 

-123 

-179 

151 

159 

-028 

13 

519 

142 

112 

169 

264 

531 

14 

-105 

-144 

-136 

-129 

-001 

-114 

15 

029 

094 

170 

151 

216 

107 

16 

394 

495 

687 

659 

109 

17 

-090 

-109 

-123 

-054 

-574 

-046 

18 

286 

254 

207 

480 

-155 

292 

20 

464 

520 

648 

672 

675 

439 

21 

462 

391 

560 

548 

398 

22 

354 

463 

346 

589 

568 

600 

157 

23 

601 

591 

465 

815 

436 

510 

24 

164 

-106 

051 

163 

-004 

117 


Table  A - 62 

MAXPLANE  ROTATION  - FACTOR  IV 


Conditions 


Tests 

All 

1 

2 

3 

4 

5 

6 

7 

8 

1 

-091 

-100 

-089 

032 

100 

5 

-002 

-010 

-017 

083 

012 

6 

128 

067 

039 

127 

121 

094 

7 

-058 

-037 

-089 

-084 

-071 

-148 

8 

-080 

-063 

-132 

-129 

-103 

-237 

9 

204 

155 

101 

069 

295 

100 

10 

131 

360 

400 

158 

113 

11 

259 

469 

452 

460 

488 

041 

12 

-156 

076 

123 

086 

014 

085 

-133 

13 

-244 

-080 

-053 

-134 

-246 

-111 

14 

571 

579 

544 

594 

552 

566 

15 

567 

535 

458 

469 

418 

570 

16 

376 

335 

118 

082 

617 

17 

741 

744 

768 

727 

999 

706 

18 

504 

522 

561 

353 

774 

590 

20 

105 

073 

-080 

-122 

-131 

-006 

21 

066 

037 

-038 

-017 

-154 

22 

278 

221 

210 

070 

052 

022 

467 

23 

-003 

-005 

-009 

-241 

117 

111 

24 

217 

279 

288 

504 

038 

1 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

21 

22 

23 

24 


118 

Table  A - 63 

OBLIMIN  ROTATION  - FACTOR  I 


Conditions 


All 

1 

2 

3 

4 

5 

6 

7 

8 

109 

054 

143 

109 

078 

783 

788 

673 

825 

778 

780 

796 

665 

818 

806 

816 

874 

822 

871 

656 

861 

815 

552 

564 

666 

681 

611 

605 

840 

785 

860 

669 

840 

818 

056 

060 

074 

094 

039 

071 

109 

573 

044 

071 

000 

-067 

-077 

-054 

487 

012 

-018 

-047 

128 

096 

138 

612 

133 

065 

142 

128 

445 

086 

095 

078 

041 

023 

410 

041 

-001 

-004 

015 

-020 

156 

013 

047 

029 

016 

104 

-026 

091 

103 

-116 

-139 

-044 

-032 

-065 

-067 

333 

282 

616 

509 

371 

385 

091 

605 

244 

130 

104 

336 

287 

382 

612 

470 

349 

552 

328 

271 

361 

550 

331 

297 

278 

658 

314 

292 

252 

119 


Table  A - 64 

OBLIMIN  ROTATION  - FACTOR  II 


Conditions 


Tests 

All 

1 

2 

3 

4 

5 

6 

7 

8 

1 

082 

113 

077 

107 

-036 

5 

114 

118 

-377 

057 

126 

6 

-022 

-Oil 

-415 

-064 

-074 

-025 

7 

062 

107 

064 

-488 

078 

114 

8 

163 

161 

-277 

166 

166 

145 

9 

-126 

-087 

-111 

-485 

-110 

-067 

10 

727 

694 

731 

694 

695 

11 

586 

597 

489 

570 

595 

651 

12 

702 

689 

692 

443 

737 

752 

687 

13 

564 

576 

550 

160 

566 

463 

14 

089 

067 

245 

047 

088 

143 

15 

-012 

-031 

209 

-035 

019 

024 

16 

-012 

-012 

009 

076 

-006 

17 

102 

067 

138 

061 

080 

086 

18 

181 

158 

203 

192 

170 

096 

20 

-014 

013 

-214 

006 

041 

-038 

21 

310 

140 

343 

383 

311 

22 

-085 

-065 

-070 

-177 

-082 

-039 

-071 

23 

088 

120 

083 

125 

109 

Oil 

24 

376 

186 

364 

387 

411 

120 


Table  A - 65 

OBLIMIN  ROTATION  - FACTOR  III 


Conditions 


Tests 

All 

1 

2 

3 

4 

5 

6 

7 

8 

1 

643 

660 

629 

578 

689 

5 

004 

000 

-758 

-074 

020 

6 

022 

018 

-576 

-212 

-020 

-102 

7 

-013 

080 

-018 

-828 

016 

096 

8 

224 

217 

127 

-016 

141 

148 

9 

006 

097 

001 

-586 

-006 

073 

10 

-208 

-209 

-189 

-209 

-045 

11 

-062 

-046 

-907 

-163 

-122 

-006 

12 

147 

137 

156 

-148 

017 

029 

141 

13 

318 

332 

317 

413 

313 

464 

14 

-078 

-066 

-568 

-105 

-034 

-082 

15 

063 

066 

091 

057 

126 

062 

16 

368 

371 

306 

403 

262 

17 

-047 

-047 

-034 

-042 

-159 

-017 

18 

259 

246 

264 

22.9 

142 

296 

20 

383 

422 

988 

214 

362 

322 

21 

340 

724 

197 

286 

353 

22 

312 

351 

305 

796 

173 

323 

238 

23 

476 

514 

464 

270 

423 

543 

24 

065 

-435 

-088 

012 

063 

121 


Table  A - 66 

OBLIMIN  ROTATION  - FACTOR  IV 


Conditions 


Tests 

All 

1 

2 

3 

4 

5 

6 

7 

8 

1 

031 

033 

067 

196 

082 

5 

-023 

-045 

474 

-013 

-015 

6 

080 

053 

411 

071 

085 

087 

7 

-082 

-043 

-105 

482 

-082 

-070 

8 

-040 

-040 

-409 

-075 

-085 

-075 

9 

132 

158 

099 

475 

127 

123 

10 

139 

210 

116 

132 

182 

11 

262 

241 

977 

291 

263 

145 

12 

-029 

025 

-015 

-054 

-036 

-073 

049 

13 

-114 

-068 

-091 

-746 

-002 

-040 

14 

484 

509 

928 

514 

490 

469 

15 

499 

509 

309 

510 

471 

502 

16 

386 

388 

352 

289 

478 

17 

642 

667 

601 

677 

639 

628 

18 

500 

518 

491 

491 

577 

518 

20 

140 

149 

-999 

090 

051 

138 

21 

137 

-773 

102 

051 

069 

22 

272 

279 

266 

-704 

236 

197 

345 

23 

070 

085 

087 

007 

194 

110 

24 

220 

434 

224 

198 

144 

122 


Table  A - 67 

BINORMAMIN  ROTATION  - FACTOR  I 


Conditions 


Tests 

All 

1 

2 

3 

4 

5 

6 

7 

8 

1 

-044 

-033 

-055 

-021 

-013 

5 

772 

773 

786 

827 

764 

6 

761 

768 

737 

800 

791 

844 

7 

873 

849 

869 

895 

856 

824 

8 

493 

488 

436 

530 

534 

483 

9 

823 

798 

833 

785 

822 

828 

10 

061 

075 

091 

094 

009 

11 

038 

072 

089 

094 

063 

-005 

12 

-125 

-104 

-119 

-093 

-068 

-069 

-099 

13 

042 

057 

035 

009 

058 

-010 

14 

112 

113 

078 

118 

071 

105 

15 

-016 

-012 

-115 

-033 

-079 

-070 

16 

-101 

-092 

-132 

-163 

-054 

17 

-021 

-014 

035 

-026 

043 

072 

18 

-225 

-208 

-186 

-243 

-161 

-140 

20 

231 

229 

070 

225 

216 

147 

21 

-Oil 

-119 

001 

-009 

-139 

22 

241 

237 

255 

076 

227 

205 

269 

23 

207 

208 

203 

207 

226 

227 

24 

226 

212 

268 

244 

189 

123 


Table  A - 68 

BINORMAMIN  ROTATION  - FACTOR  II 


Conditions 


Tests 

All 

1 

2 

3 

4 

5 

6 

7 

8 

1 

-005 

046 

-027 

039 

-097 

5 

110 

123 

071 

022 

110 

6 

-042 

-035 

-081 

-072 

-127 

-000 

7 

059 

101 

081 

010 

065 

118 

8 

134 

138 

178 

157 

137 

102 

9 

-152 

-110 

-147 

-203 

-150 

-103 

10 

780 

740 

765 

723 

765 

11 

605 

578 

591 

613 

587 

711 

12 

717 

704 

704 

786 

784 

781 

699 

13 

552 

568 

546 

661 

559 

492 

14 

073 

058 

032 

032 

029 

148 

15 

-052 

-058 

-047 

-078 

-046 

-045 

16 

-086 

-067 

-064 

010 

-081 

17 

075 

051 

021 

031 

026 

033 

18 

125 

120 

071 

142 

106 

037 

20 

-080 

-037 

016 

-051 

-012 

-193 

21 

268 

373 

320 

358 

190 

22 

-153 

-117 

-178 

-083 

-146 

-108 

-140 

23 

018 

066 

002 

070 

048 

-038 

24 

368 

377 

375 

358 

414 

124 


Table  A - 69 

BINORMAMIN  ROTATION  - FACTOR  III 


Conditions 


Tests 

All 

1 

2 

3 

4 

5 

6 

7 

8 

1 

794 

764 

763 

737 

760 

5 

044 

054 

023 

-035 

067 

6 

067 

070 

106 

-009 

037 

-064 

7 

027 

045 

041 

013 

059 

062 

8 

302 

299 

300 

234 

260 

326 

9 

051 

079 

053 

126 

069 

047 

10 

-250 

-260 

-243 

-254 

-134 

11 

-069 

-075 

-226 

-184 

-168 

002 

12 

178 

145 

174 

-015 

052 

050 

151 

13 

396 

363 

390 

270 

369 

463 

14 

-086 

-070 

-062 

-065 

-047 

-124 

15 

082 

092 

164 

171 

176 

100 

16 

453 

446 

589 

581 

396 

17 

-052 

-037 

-079 

011 

-092 

-062 

18 

314 

305 

278 

419 

251 

296 

20 

487 

481 

589 

548 

555 

583 

21 

422 

410 

431 

429 

604 

22 

401 

404 

377 

529 

484 

495 

368 

23 

600 

584 

578 

646 

562 

582 

24 

096 

027 

023 

044 

145 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

21 

22 

23 

24 


125 

Table  A - 70 

BINORMAMIN  ROTATION  - FACTOR  IV 


Conditions 


All 

1 

2 

3 

4 

5 

6 

7 

8 

-077 

-082 

016 

-028 

045 

-055 

-078 

-034 

005 

-051 

063 

042 

057 

101 

095 

030 

-113 

-105 

-144 

-097 

-117 

-117 

-105 

-088 

-125 

-144 

-157 

-178 

127 

116 

101 

108 

110 

123 

122 

187 

109 

178 

087 

240 

248 

346 

288 

322 

025 

-107 

-049 

-069 

-027 

-126 

-105 

-031 

-219 

-175 

-167 

-197 

-148 

-153 

515 

519 

546 

532 

545 

478 

518 

511 

503 

465 

464 

537 

351 

339 

183 

157 

379 

679 

682 

690 

667 

694 

663 

478 

483 

536 

348 

519 

523 

080 

071 

-001 

-057 

-088 

100 

065 

042 

-052 

-063 

-021 

236 

221 

276 

158 

114 

087 

249 

-015 

-017 

047 

-180 

021 

073 

186 

233 

188 

201 

045 

1 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

21 

22 

23 

24 


126 

Table  A - 71 

OBLIMAX  ROTATION  - FACTOR  I 


Conditions 


All 

1 

2 

3 

4 

5 

6 

7 

8 

-141 

-105 

-148 

-076 

-052 

825 

814 

845 

945 

781 

816 

807 

777 

785 

906 

942 

937 

892 

919 

971 

874 

839 

492 

482 

448 

445 

538 

439 

888 

830 

879 

823 

842 

844 

073 

129 

107 

130 

026 

033 

068 

076 

079 

066 

-074 

-178 

-100 

-160 

-107 

-167 

-161 

-105 

-018 

044 

-015 

-007 

035 

-030 

133 

132 

035 

170 

110 

165 

-022 

-020 

-191 

-003 

-100 

-051 

-157 

-138 

-184 

-290 

-074 

-013 

-004 

031 

033 

073 

085 

-280 

-240 

-244 

-272 

-167 

-151 

196 

196 

013 

139 

138 

069 

-069 

-180 

-096 

-125 

-297 

219 

210 

224 

012 

177 

153 

255 

152 

167 

147 

084 

192 

202 

223 

196 

232 

246 

141 

127 


Table  A - 72 

OBLIMAX  ROTATION  - FACTOR  II 


Conditions 


Tests 

All 

1 

2 

3 

4 

5 

6 

7 

8 

1 

-132 

-056 

-194 

-137 

-174 

5 

116 

132 

086 

-016 

129 

6 

-041 

-012 

-090 

-155 

-194 

-053 

7 

064 

127 

081 

025 

078 

119 

8 

096 

080 

158 

133 

147 

064 

9 

-151 

-061 

-110 

-224 

-092 

-088 

10 

873 

750 

878 

821 

831 

11 

665 

674 

662 

619 

584 

827 

12 

725 

639 

677 

844 

852 

871 

647 

13 

512 

482 

450 

674 

443 

457 

14 

120 

112 

037 

-028 

-061 

163 

15 

-040 

-024 

-081 

-130 

-125 

-070 

16 

-143 

-093 

-084 

-012 

-093 

17 

123 

109 

185 

-030 

199 

111 

18 

107 

106 

117 

130 

149 

061 

20 

-152 

-075 

-062 

-076 

-015 

-285 

21 

222 

341 

339 

396 

183 

22 

-208 

-128 

-200 

-163 

-194 

-148 

-154 

23 

-071 

002 

-106 

065 

-062 

-088 

24 

388 

401 

357 

344 

456 

128 


Table  A - 73 

OBLIMAX  ROTATION  - FACTOR  III 


Conditions 


Tests 

All 

1 

2 

3 

4 

5 

6 

7 

8 

1 

972 

907 

939 

938 

853 

5 

-042 

-045 

-069 

-152 

003 

6 

-020 

-016 

066 

067 

-034 

-134 

7 

-060 

-009 

-070 

-098 

004 

005 

8 

307 

291 

260 

342 

182 

323 

9 

-048 

-021 

-041 

109 

-037 

Oil 

10 

-396 

-336 

-360 

-418 

-258 

11 

-181 

-144 

-266 

-238 

-158 

-083 

12 

185 

205 

185 

-099 

066 

-000 

180 

13 

460 

466 

439 

203 

477 

449 

14 

-210 

-211 

026 

-138 

060 

-105 

15 

018 

-010 

311 

115 

322 

216 

16 

504 

446 

610 

722 

394 

17 

-181 

-198 

-116 

-091 

-333 

-097 

18 

313 

266 

349 

383 

173 

315 

20 

549 

515 

677 

642 

586 

741 

21 

474 

460 

485 

457 

719 

22 

425 

389 

430 

650 

546 

564 

361 

23 

695 

659 

675 

767 

671 

633 

24 

024 

016 

027 

044 

117 

1 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

21 

22 

23 

24 


129 


Table  A - 74 

OBLIMAX  ROTATION  - FACTOR  IV 


Conditions 


All 

1 

2 

3 

4 

5 

6 

7 

8 

-118 

-149 

-006 

-144 

005 

-069 

-058 

-035 

-006 

-022 

054 

050 

050 

124 

079 

035 

-133 

-116 

-119 

-095 

-094 

-098 

-130 

-079 

-115 

-163 

-151 

-147 

121 

107 

104 

097 

136 

121 

156 

307 

121 

308 

132 

272 

243 

328 

314 

287 

012 

-108 

006 

-059 

-018 

-161 

-106 

-000 

-244 

-166 

-156 

-176 

-170 

-140 

558 

592 

511 

599 

501 

420 

554 

558 

473 

523 

432 

478 

358 

337 

198 

153 

351 

735 

772 

644 

750 

794 

645 

506 

530 

489 

381 

543 

492 

060 

034 

001 

-068 

-078 

106 

056 

046 

-071 

-059 

-009 

231 

201 

248 

150 

128 

084 

221 

-045 

-061 

032 

-210 

-049 

047 

200 


221 


206 


178 


039 


1 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

21 

22 

23 

24 


130 

Table  A - 75 

DIRECT  OBLIMIN  ROTATION  - FACTOR  I 


Conditions 


All 

1 

2 

3 

4 

5 

6 

7 

8 

079 

060 

061 

081 

034 

797 

795 

807 

840 

789 

791 

795 

780 

839 

819 

824 

891 

860 

885 

910 

877 

833 

552 

542 

529 

680 

613 

570 

851 

818 

859 

834 

851 

836 

059 

069 

087 

090 

035 

065 

096 

063 

035 

051 

-019 

-078 

-072 

-076 

-074 

-012 

-037 

-062 

115 

109 

103 

099 

118 

035 

135 

132 

091 

086 

078 

074 

025 

022 

-046 

030 

-024 

-031 

-012 

-021 

125 

-016 

020 

014 

014 

069 

-035 

072 

095 

-145 

-145 

-110 

-065 

-096 

-099 

317 

296 

240 

491 

359 

320 

071 

010 

215 

108 

029 

319 

299 

330 

235 

456 

335 

337 

308 

286 

299 

525 

312 

268 

271 

248 

307 

279 

223 

131 


Table  A - 76 

SIMPLE  LOADINGS  ROTATION  - FACTOR  II 


Conditions 


Tests 

All 

1 

2 

3 

4 

5 

6 

7 

8 

1 

097 

137 

055 

126 

-039 

5 

109 

114 

083 

031 

116 

6 

-032 

-028 

-049 

-081 

-104 

-035 

7 

056 

115 

066 

021 

068 

115 

8 

166 

154 

229 

170 

167 

174 

9 

-140 

-086 

-133 

-164 

-132 

-084 

10 

725 

697 

720 

688 

714 

11 

582 

568 

559 

567 

576 

708 

12 

716 

706 

692 

771 

756 

771 

703 

13 

582 

600 

553 

692 

588 

487 

14 

070 

056 

042 

031 

052 

118 

15 

-029 

-039 

-000 

-042 

-002 

-010 

16 

-016 

-008 

023 

085 

-016 

17 

079 

054 

068 

046 

044 

055 

18 

173 

159 

142 

203 

155 

075 

20 

-013 

025 

118 

019 

053 

-040 

21 

316 

440 

362 

401 

351 

22 

-091 

-059 

-111 

015 

-076 

-040 

-082 

23 

095 

139 

065 

146 

116 

006 

24 

372 

389 

362 

373 

447 

132 


Table  A - 77 

SIMPLE  LOADINGS  ROTATION  - FACTOR  III 


Conditions 


Tests 

All 

• 1 

2 

3 

4 

5 

6 

7 

8 

1 

644 

640 

653 

607 

702 

5 

-014 

-007 

-030 

-082 

002 

6 

002 

004 

027 

-203 

-034 

-078 

7 

-031 

006 

-026 

-037 

-002 

043 

8 

212 

221 

162 

-002 

137 

165 

9 

-015 

026 

-016 

042 

-006 

020 

10 

-219 

-246 

-199 

-250 

-097 

11 

-074 

-057 

-188 

-148 

-140 

-033 

12 

146 

114 

169 

-040 

039 

030 

115 

13 

316 

298 

338 

146 

297 

448 

14 

-095 

-096 

-066 

-106 

-065 

-093 

15 

050 

047 

093 

053 

096 

055 

16 

360 

354 

307 

379 

296 

17 

-065 

-074 

-065 

-046 

-142 

-059 

18 

249 

230 

254 

232 

167 

279 

20 

374 

386 

367 

221 

349 

340 

2.1 

334 

246 

210 

276 

349 

22 

300 

314 

301 

327 

176 

303 

263 

23 

469 

475 

477 

282 

441 

534 

24 

051 

-020 

-075 

-005 

054 

133 


Table  A - 78 

SIMPLE  LOADINGS  ROTATION  - FACTOR  IV 


Conditions 


Tests 

All 

1 

2 

3 

4 

5 

6 

7 

8 

1 

034 

033 

081 

097 

071 

5 

-036 

-042 

-028 

-017 

-034 

6 

073 

064 

078 

065 

089 

073 

7 

-098 

-090 

-105 

-092 

-102 

-094 

8 

-050 

-036 

-045 

-091 

-089 

-089 

9 

128 

124 

113 

130 

114 

120 

10 

126 

184 

120 

164 

142 

11 

257 

256 

291 

273 

272 

062 

12 

-043 

005 

-017 

-014 

-066 

-082 

023 

13 

-129 

-093 

-094 

-111 

-061 

-085 

14 

495 

510 

513 

521 

520 

468 

15 

515 

520 

526 

520 

504 

539 

16 

401 

401 

357 

317 

438 

17 

660 

677 

642 

687 

672 

646 

18 

516 

532 

528 

493 

561 

525 

20 

143 

141 

141 

086 

063 

189 

21 

136 

149 

088 

058 

073 

22 

280 

275 

291 

280 

238 

218 

303 

23 

070 

073 

101 

-003 

117 

097 

24 

216 

239 

210 

208 

100 

134 


Table  A - 79 

MAXPLANE  ROTATION  PRIMARY  FACTOR  CORRELATIONS 


Conditions 


Factors 

All 

1 

2 

3 

4 

5 

6 

7 

8 

I-II 

259 

415 

524 

469 

205 

032 

373 

637 

227 

I-III 

432 

517 

568 

800 

692 

597 

411 

585 

327 

I-IV 

409 

479 

519 

493 

426 

362 

411 

586 

399 

II-III 

316 

723 

583 

556 

414 

119 

616 

719 

119 

II-IV 

488 

446 

514 

334 

329 

196 

717 

777 

513 

III-IV 

586 

598 

612 

674 

752 

717 

783 

686 

197 

135 


Table  A - 80 

OBLIMIN  ROTATION  PRIMARY  FACTOR  CORRELATIONS 


Conditions 


Factors 

All 

1 

2 

3 

4 

5 

6 

7 

8 

I-II 

304 

208 

286 

-047 

376 

376 

239 

440 

195 

I-III 

324 

266 

281 

005 

221 

355 

248 

383 

271 

I-IV 

364 

319 

269 

035 

504 

444 

321 

465 

216 

II-III 

316 

275 

287 

450 

264 

307 

183 

332 

263 

II-IV 

334 

307 

247 

-527 

397 

350 

308 

450 

231 

III-IV 

310 

347 

185 

969 

236 

345 

228 

323 

261 

136 


Table  A - 81 

BINORMAMIN  PRIMARY  FACTOR  CORRELATIONS 


Conditions 


Factors 

All 

1 

2 

3 

4 

5 

6 

7 

8 

I-II 

365 

280 

334 

431 

405 

451 

308 

484 

323 

I-III 

523 

474 

509 

716 

656 

638 

458 

741 

445 

I-IV 

454 

422 

436 

520 

444 

508 

402 

559 

328 

II-III 

515 

454 

496 

529 

597 

522 

430 

683 

481 

II-IV 

467 

417 

506 

465 

513 

486 

441 

646 

493 

III-IV 

535 

515 

485 

627 

664 

692 

508 

635 

437 

137 


Table  A - 82 

OBLIMAX  PRIMARY  FACTOR  CORRELATIONS 
Conditions 


Factors 

All 

1 

2 

3 

I-II 

453 

185 

389 

506 

I-III 

674 

596 

650 

795 

I-IV 

536 

504 

430 

520 

II-III 

668 

459 

668 

675 

II-IV 

504 

291 

350 

451 

III-IV 

670 

688 

483 

560 

4 

5 

6 

7 

8 

513 

595 

269 

649 

355 

673 

789 

564 

845 

526 

425 

475 

429 

443 

309 

660 

622 

564 

794 

629 

619 

582 

293 

609 

401 

733 

579 

701 

504 

467 

138 


Table  A - 83 

SIMPLE  LOADINGS  PRIMARY  FACTOR  CORRELATIONS 


Conditions 


Factors 

All 

1 

2 

3 

4 

5 

6 

7 

8 

I-II 

333 

243 

302 

404 

412 

425 

286 

501 

257 

I-III 

382 

345 

402 

429 

263 

375 

336 

448 

391 

I-IV 

417 

395 

360 

486 

526 

506 

376 

514 

283 

II-III 

314 

284 

319 

238 

211 

261 

249 

359 

340 

II-IV 

394 

367 

375 

408 

454 

433 

371 

615 

366 

III-IV 

345 

364 

292 

266 

257 

384 

351 

293 

350 
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Table  A - 84 

CODED  SUMMARY  OF  ROTATED  FACTOR  LOADINGS  - 20 -TEST  BATTERY 
METHOD  FREQUENCY  OF  OCCURANCE 


Blank 

+ 

++ 

+++ 

++++ 

Varimax 

47 

11 

13 

7 

2 

Maxplane 

55 

7 

9 

8 

1 

Oblimin 

51 

14 

7 

6 

2 

Binorm amin 

55 

6 

9 

8 

2 

Ob 1 imax 

53 

7 

10 

4 

6 

Simple  loadings 

52 

12 

8 

6 

2 

Absolute  values  of  loadings  are  coded: 
.000-. 259  Blank 
.260-. 399  + 

.400-. 599  ++ 

.600-. 799  +++ 

.800-. 999  ++++ 
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Table  A - 85 


CODED 

SUMMARY  OF  ROTATED 

FACTOR 

LOADINGS  - 

CONDITION  1 

METHOD 

FREQUENCY  OF  OCCURANCE 

Blank 

+ 

++ 

+++ 

++++ 

Varimax 

34 

3 

13 

5 

1 

Maxplane 

39 

2 

7 

3 

5 

Oblimin 

36 

8 

6 

5 

1 

Binormamin 

38 

4 

8 

5 

1 

Ob 1 imax 

37 

5 

7 

4 

3 

Simple  load! 

ngs 

36 

8 

5 

5 

2 

Absolute  values  of 

loadings  are 

coded: 

.000-. 259 

Blank 

.260-. 399  + 

.400-. 599  ++ 

.600— .799  +++ 


800-  .999 


++++ 
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Table  A - 86 

CODED  SUMMARY  OF  ROTATED  FACTOR  LOADINGS  - CONDITION  2 


METHOD  FREQUENCY  OF  OCCURENCE 


Blank 

+ 

++ 

+++ 

++++ 

Varimax 

33 

7 

7 

7 

2 

Maxplane 

35 

5 

6 

6 

4 

Oblimin 

37 

6 

5 

6 

2 

Binormamin 

38 

5 

5 

6 

2 

Oblimax 

38 

3 

5 

4 

6 

Simple  loadings 

38 

5 

5 

6 

2 

Absolute  values  of  loadings  are  coded: 
.000-. 259  Blank 
.260-. 399  + 

.400— .599  ++ 

.600-, 799  +++ 

.800-. 999  ++++ 
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Table  A - 37 

CODED  SUMMARY  OF  ROTATED  FACTOR  LOADINGS  - CONDITION  3 
METHOD  FREQUENCY  OF  OCCURANCE 


Blank 

+ 

++ 

+++ 

++++ 

Varimax 

33 

10 

6 

5 

2 

Maxplane 

38 

2 

8 

4 

4 

Ob  1 imin 

11 

3 

20 

16 

6 

Binormamin 

38 

5 

7 

5 

1 

Oblimax 

37 

5 

5 

5 

4 

Simple  loadings 

40 

5 

5 

3 

3 

Absolute  values  of  loadings  are  coded: 
.000-. 259  Blank 

.260-. 399  + 

.400-. 599  ++ 

.600-. 799  +++ 


800- .999 


++++ 
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Table  A - 88 

CODED  SUMMARY  OF  ROTATED  FACTOR  LANDINGS  - CONDITION  4 
METHOD  FREQUENCY  OF  OCCURANCE 


Blank 

+ 

++ 

+++ 

++++ 

Varimax 

29 

12 

11 

4 

0 

Maxplane 

36 

6 

8 

5 

1 

Oblimin 

38 

7 

7 

3 

1 

Binormamin 

38 

5 

8 

4 

1 

Oblimax 

37 

7 

5 

6 

1 

Simple  loadings 

38 

7 

7 

3 

1 

Absolute  values  of  loadings  are  coded: 
.000-. 259  Blank 
.260-. 399  + 

.400-. 599  ++ 

.600-. 799  +++ 


800-  .999 


++++ 
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Table  A - 89 

CODED  SUMMARY  OF  ROTATED  FACTOR  LOADINGS  - CONDITION  5 
METHOD  FREQUENCY  OF  OCCURANCE 


Blank 

+ 

++ 

+++ 

++++ 

Varimax 

26 

9 

9 

4 

0 

Maxplane 

32 

3 

8 

5 

0 

Ob 1 imin 

30 

10 

4 

2 

2 

Binormarain 

33 

4 

8 

2 

1 

Ob 1 imax 

32 

5 

7 

1 

3 

Simple  loadings 

30 

10 

4 

2 

o 

4* 

Absolute  values  of  loadings  are  coded: 
.000-. 259  Blank 

.260-. 399  + 

.400-. 599  ++ 

.600— .799  +++ 


800- .999 


++++ 


145 


Table  A-  90 

CODED  SUMMARY  OF  ROTATED  FACTOR  LOADINGS  - CONDITION  6 


METHOD  FREQUENCY  OF  OCCURANCE 


Blank 

+ 

++ 

+++ 

++++ 

Varimax 

30 

5 

6 

5 

2 

Maxplane 

30 

4 

4 

5 

5 

Oblimin 

32 

5 

4 

5 

2 

Binormamin 

33 

5 

3 

5 

2 

Oblimax 

31 

5 

4 

4 

4 

Simple  loadings 

31 

6 

4 

5 

2 

Absolute  values  of  loadings  are  coded: 
.000-. 259  Blank 

.260-. 399  + 

.400-. 599  ++ 

.600-. 799  +++ 


800- .999 


++++ 
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Table  A - 91 

CODED  SUMMARY  OF  ROTATED  FACTOR  LOADINGS  - CONDITION  7 


METHOD  FREQUENCY  OF  OCCURANCE 


Blank 

+ 

++ 

+++ 

++++ 

Varimax 

18 

5 

7 

2 

0 

Maxplane 

21 

3 

5 

1 

2 

Oblimin 

22 

4 

3 

2 

1 

Binormamin 

23 

1 

5 

2 

1 

Oblimax 

21 

3 

4 

L 

2 

Simple  loadings 

22 

4 

4 

l 

1 

Absolute  values  of  loadings  are  coded: 
.000-. 259  Blank 

.260-. 399  + 

• 400- . 599  ++ 

.600— .799  +++ 


800- .999 


++++ 
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Table  A - 92 

CODED  SUMMARY  OF  ROTATED  FACTOR  LOADINGS  - CONDITION  8 
METHOD  FREQUENCY  OF  OCCURANCE 


Blank 

4> 

++ 

+++ 

++++ 

Varimax 

21 

2 

4 

3 

2 

Maxplane 

21 

2 

3 

4 

2 

Ob 1 imin 

21 

2 

4 

3 

2 

Binormamin 

22 

1 

4 

3 

2 

Ob  1 iraax 

22 

1 

3 

2 

4 

Simple  loadings 

21 

2 

4 

3 

2 

Absolute  values  of  loadings  are  coded: 
.000-. 259  Blank 
.260-. 399  + 

.400-. 599  ++ 

.600— .799  +++ 


800- . 999 


++++ 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 
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Table  A - 93 

MEANS,  STANDARD  DEVIATIONS,  AND  RELIABILITY  COEFFICIENTS 
TWENTY- FOUR  PSYCHOLOGICAL  TESTS* 


Mean 

Standard 

Deviation 

Reliability 

Coefficient 

29.60 

6.90 

.756 

24.84 

4.50 

.568 

15.65 

3.07 

.544 

36.31 

8.38 

.922 

44.92 

11.75 

.808 

9.95 

3.36 

.651 

18.79 

4.63 

.754 

28.18 

5.34 

.680 

17.24 

7.89 

.870 

90.16 

23.60 

.952 

68.41 

16.84 

.712 

109.83 

21.04 

.937 

191.81 

37.03 

.889 

176.14 

10.72 

.648 

89.45 

7.57 

.507 

103.43 

6.74 

.600 

7.15 

4.57 

.725 

9.44 

4.49 

.610 

15.24 

3.58 

.569 

30.38 

19.76 

.649 

14.46 

4.82 

.784 

27.43 

9.77 

.787 

18.82 

9.35 

.931 

25.83 

4.70 

.836 

*Hol zinger  and  Harman,  1941 
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